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THE  CLASSIFICATION  OF  BITUMINOUS  AND 
RESINOUS  SUBSTANCES 


By  Herbekt  Abraham 
Bound  Brook,  N.  J. 

The  terms  bitumen,  asphalt,  resin,  tar,  pitch,  etc.,  are  in  com- 
mon use,  yet  it  is  surprising  to  note  how  inadequately  they  are 
defined  in  most  of  the  standard  works  and  textbooks.  This  may 
be  explained  by  the  fact  that  these  words  originally  had  limited 
meanings,  but  in  keeping  pace  with  the  progress  of  science  they 
were  extended  in  scope  until  they  completely  outgrew  their  original 
bounds. 

It  is  probable  that  each  of  the  expressions  at  first  pertained  to 
the  aggregate  properties  characteristic  of  some  typical  substance 
closely  associated  with  the  processes  of  daily  life.  Thus,  the 
generic  term  "resin"  originated  in  the  word  ''rosin,"  and  it  even 
now  alludes  to  substances  resembling  ordinary  rosin  in  appearance 
and  physical  properties.  Similarly  our  comprehension  of  the 
generic  term  ''wax"  is  based  largely  on  the  physical  characteristics 
of  the  oldest  known  wax;  namely,  common  beeswax. 

From  time  to  time,  as  new  substances  were  discovered  in  nature, 
or  produced  in  the  arts,  the  meanings  of  these  words  were  arbitrarily 
extended  to  include  them.  This  resulted  in  a  certain  amount  of 
over-lapping  and  consequent  confusion.  As  the  chemistry  of 
these  substances  was  investigated,  this  was  in  certain  cases  adopted 
as  an  additional  means  of  differentiation.  But  we  are  still  forced 
to  rely  principally  upon  the  physical  characteristics  of  these 
groups  of  materials,  for  even  today  comparatively  little  accurate 
information  is  available  with  respect  to  their  chemical  composi- 
tion. It  is  probable,  however,  that  in  the  future  this  will  be 
adopted  as  a  basis  of  nomenclature. 

The  complexity  of  these  forms  and  existing  confusion  becomes 
especially  apparent  in  attempting  to  define  and  limit  the  scope 
of  claims  in  letters  patent.  We  are  not  infrequently  confronted 
with  this  problem  in  patent  controversies,  owing  to  the  relatively 
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large  number  of  patents  classified  under  the  heading  of  ''Plastic 
Compositions,"  and  involving  the  use  of  asphalts,  pitches  and  the 
like. 

The  object  of  this  paper  is  to  submit  a  list  of  definitions  and 
a  system  of  classification  gradually  evolved  by  the  author  while 
engaged  in  ''patent  causes."  In  this  connection,  it  might  be 
stated  that  several  of  these  definitions  {e.g.,  resin,  bitumen, 
resinous  substance  and  bituminous  substance),  have  already 
been  accepted  by  the  courts  in  this  country.  The  author  hopes, 
therefore,  that  at  least  some  of  his  findings  may  be  of  value  to 
the  committee  now  engaged  in  fixing  the  nomemclature  of  bitumens. 

The  definitions  which  will  follow  have  been  based  on  one  or 
more  of  the  following  items: 

Origin. 
Natural : 
Mineral, 
Vegetable. 
Animal. 
Artificial: 

Obtained  from  distillation  processes. 
Obtained  fron  oxidation  processes, 
Obtained  from  sulphurization  processes. 
Variable. 
Composition. 

In  such  cases  where  this  is  known  with  certainty. 
Solubility. 
In  water, 

In  carbon  disulphide,  benzol,  etc. 
Physical  Properties. 
Hardness : 

Liquid, 

Viscous, 

Semi-solid, 

SoHd. 
Color  in  Mass : 

Light, 

Dark. 
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Structure : 

Amorphous. 
Fracture : 

Conchoidal, 

Hackly. 
Lustre : 

Waxy, 

Resinous. 
Feel: 

Adherent, 

Non-adherent, 

Unctuous. 
Odor: 

Tarry,  etc. 
Behavior  towards  Heat: 

Fusible, 

Difficultly  fusible, 
Infusible. 

DEFINITIONS 

Bitumen:  A  naturally  occurring^  hydrocarbon  complex,^  often 
associated  with  a  mineral  matrix,^  insoluble  in  water, but  largely 
soluble  in  carbon  disulphide,  benzol,  etc.^^  Its  color^*  and  hard- 
ness^^  are  variable. 

Pyro  Bitumen:  A  dark  colored,^^  solid,^''  infusible,^^  naturally 
occurring^  hydrocarbon  complex,^  often  associated  with  a  mineral 
matrix,^  insoluble  in  water,^^  and  relatively  insoluble  in  carbon 
disulphide,  benzol,  etc.^^ 

Bituminous  Substance:  A  term  applied  to  (a)  Substances  con- 
taining bitumens  or  pyro  bitumens,  {b)  Substances  resembling 
either  the  viscous  or  solid^^  bitumens,  or  pyro  bitumens^^  in  their 
physical  properties;  i.e.,  having  an  amorphous  structure^^  and 
dark  color  in  mass.^^ 

Maltha:  A  dark  colored^^  and  viscous, naturally  occurring^ 
hydrocarbon  complex,^  insoluble  in  water, but  completely 
soluble  in  carbon  disulphide,  benzol,  etc.^^ 

Asphalt{um):  A  dark  colored,^^  and  more  or  less  viscous  to 
solid hydrocarbon  complex,^  including:  (a)  The  easily  fusible 
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bitumens^*  often  associated  with  a  mineral  matrix,^  not  having  a 
''waxy"  lustre^^  or  unctuous  feel.^'^  (h)  Residuums  obtained  from 
the  distillation,^  oxidation/  sulphurization/  etc.,  of  bitumens. 

Asphaltite:  A  dark  colored, solid,^*^  difficultly  fusible,^'*  naturally 
occurring^  hydrocarbon  complex,^  insoluble  in  water, but  more 
or  less  completely  soluble  in  carbon  disulphide,  benzol,  etc.^^ 

True  Resin:  A  term  applied  to  various  vegetable  principles 
occurring  in,  or  obtained  from  the  secretions  or  saps  of  certain 
plants  and  trees. ^  They  are  hard,  fusible^^  and  more  or  less 
brittle,  non-adherent  to  slightly  adherent^^  solids  at  ordinary 
temperatures^^  usually  Hght  colored  in  mass,^^  having  an  amor- 
phous structure,^^  conchoidal  fracture^^  and  ''resinous"  lustre. 
They  are  insoluble  in  water, but  more  or  less  completely  soluble 
in  carbon  disulphide,  benzol,  etc.^^  They  are  oxidation  or  poly- 
merization products  of  the  terpenes,  and  generally  contain  "resin" 
acids  and  esters. 

Resinous  Substance:  A  term  applied  to  (a)  Substances  contain- 
ing true  resins,  (h)  Substances  of  variable  origin®  and  composi- 
tion^^ resembhng  true  resins  in  their  physical  properties  (with  the 
exception  of  color),  and  solubility  (vide  True  Resins). 

Mineral  Resin:  A  term  applied  to  the  soUd  bitumens  {vide 
Bitumen). 

Oleo  Resin:  The  viscous  to  semi-solid^®  and  usually  light  colored 
solutions  of  true  resins  in  essential  oils,^  either  obtained  from, 
or  constituting  the  saps  of  certain  plants  and  trees. 

Gum  Resins:  The  semi-solid  to  soKd  and  usually  light  colored^^ 
emulsions  or  mixtures  of  true  resins  with  various  gums  (carbo 
hydrates),  constituting  the  sap  of  certain  plants  and  trees,  partly 
soluble  in  water. 

Tar:  A  dark  colored,^^  bituminous  substance,  liquid  or  semi- 
liquid  at  room  temperature,  often  possessing  a  characteristic 
"tarry"  odor,^^  usually  insoluble  in  water,^^  but  miscible  with 
carbon  disulphide,  benzol,  etc.,^^  and  which  on  distillation,  oxida- 
tion, etc.,  forms  a  pitch.    Its  composition^^  and  origin®  are  variable. 

Pitch:  A  dark  colored,^^  fusible^^  and  more  or  less  viscous  to 
solid^^  bituminous  or  resinous  substance,  insoluble  in  water^^  but 
more  or  less  completely  soluble  in  carbon  disulphide,  benzol,  etc.^^ 
Its  composition^^  and  origin®  are  variable. 
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Wax:  A  term  applied  to  unctuous,^^  fusible^^  and  more  or  less 
viscous  to  solid^^  substances,  having  a  characteristic  ''waxy" 
lustre,^^  and  which  are  insoluble  in  water, but  more  or  less  soluble 
in  carbon  disulphide,  benzol,  etc.^^  They  are  extremely  sus- 
ceptible to  changes  in  temperature.^^  Their  composition,^^  origin^ 
and  color^^  are  variable. 

The  terms  ''resinous  substances"  and  "bituminous  substances" 
overlap,  as  it  were,  for  both  of  them  include  mineral  waxes, 
asphaltum  and  asphaltites.  This  is  made  clear  by  the  following 
table : 


RELATION  BETWEEN  BITUMINOUS  AND  RESINOUS  SUBSTANCES 


Origin 


Bituminous  Substances 


Resinous  Substances 


Natural 


Bitumens 


Pyro- 
Bitumens 


Artificial 


True  Resins  f  tt^^^+^ui^ 
Oleo-Resins  ll^^^ 
Gum-Resins  1  ^^^^^^ 


Tar  .... 

Pitches  

Artificial  Mixtures 


Natural  Gas 
Petroleum 
Mineral  Wax  ^ 
Asphaltum  «- 
Asphaltites  ^ 
Peat 
Lignite 
Bitum.  Coal 
Anthr.  Coal 
Metam.  Asphalts 


Mineral  Wax 

Asphaltum 

Asphaltites 


Mineral 
Resins 


Pitches  

Artificial  Mixtures . 
Synthetic  Products . 
Oxidized  Oils  


Pyro  bitumens,  asphalts,  tars,  pitches  and  waxes  admit  being 
classified  according  to  their  origin  as  follows: 

Pyro  Bitumen:  (a)  Derived  from  the  metamorphosis  of  vege- 
table growth;  {e.g.,  peat,  hgnite,  bituminous  coal  and  anthracite 
coal).  (5)  Derived  from  the  metamorphosis  of  asphalts;  {e.g., 
elaterite  or  wurtzihte,  albertite  and  impsonite). 

The  distinguishing  features  of  the  pyro  bitumens  derived  from 
the  metamorphosis  of  asphalts  are  as  follows: 
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Sp.  Gr. 
At  77"  F. 

Melting  Pt. 
(K.  &  S. 
Method) 

Fixed 
C&rbon 

Fracture 

LustrG 

In  Flame 

Elaterite 

Light 

1.05-1.07 

Decomposes 

5-25% 

— (a)  Conchoidal 

Bright 

So  ftens  and 

(Wurtzilite) 

Brown 

burns. 

—ib)  Hackly 

Fairly 

So  ftens  and 

Bright 

burns. 

Albertite 

Black 

1.07-1.10 

Decomposes 

25-50% 

— (a)  Conchoidal 

Bright 

Intumesces. 

-  ib)  Hackly 

Dull 

Intumesces. 

Impsonite 

Black 

1.10-1.20 

Decomposes 

50-67%) 

Hackly 

Dull 

Dcrepitates. 

Asphaltum:  (a)  Natural  —  Resulting  from  a  slow  natural 
process  of  metamorphosis,  known  as  natural  asphalts  (''mineral 
pitches"). 

1.  Occurring  in  a  fairly  pure  state. 

2.  Associated  with  a  mineral  matrix  (e.g.,  calcareous,  siliceous 
or  earthy). 

(b)  Artificial  —  Resulting  from  the  distillation,  oxidation,  etc., 
of  mineral  oils;  known  as  petroleum  asphalt  (''petroleum  pitches")- 

1.  Straight  petroleum  asphalt. 

2.  Cut  back. 

3.  Blown  (oxidized),  petroleum  asphalt. 

4.  Dubb's  (sulphurized)  petroleum  asphalt. 

Asphaltites:  The  distinguishing  features  of  the  individual 
asphaltites  are  as  follows : 


Sp.  Or. 

Melting  Pt. 

Fixed 

Streak 

At  77°  F. 

(K.  &  S. 

Method) 

Carbon 

Fracture 

Lustre 

In  Flame 

Gilsonite 

Brown 

1.06-1.10 

250-350 

10-20% 

(  (a)  Conchoidal 

Bright 

Softens  and 

(Uintaite) 

flows. 

<  (6)  Hackly 

Fairly 

Softens  and 

bright 

flows. 

Glance 

Brown 

1.10-1.25 

250-350 

20-S0%o 

i  (a)  Conchoidal 

Bright 

Variable. 

Pitch 

to 

\  (6)  Hackly 

Fairly 

Variable. 

Black 

bright 

Manjak 

Black 

1.15-1.175 

350-450 

30-40% 

(  (a)  Conchoidal 

Bright 

Softens, 

splits  and 
burns. 

[  (6)  Hackly 

Fairly 

Softens, 

bright 
to  dull 

splits  and 
burns. 

Grahamite 

Black 

1.175-1.20 

450-550 

40-50% 

(a)  Conchoidal 
,  (6)  Hackly 

Bright 

Fairly 
bright 
to  dull 

Decrepi- 
tates vio- 
lently. 
Softens, 
splits  and 
burns. 
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Tar:  (a)  Natural — {e.g.,  mineral  tars  or  maltha),  (h)  Arti- 
ficial— The  soft  residues  obtained. 

1.  From  the  distillation  of  petroleum  (e.g.,  petroleum  tar  or 
soft  petroleum  asphalt) . 

2.  From  the  destructive  distillation  of  organic  substances  and 
pyro  bitumens;  (e.g.,  pine  tar,  wood  tar,  bone  tar,  coal  tar,  mineral 
tar  (maltha),  petroleum  tar,  etc.). 

Pitch:  (a)  Natural  —  resulting  from  a  slow  natural  process  of 
metamorphosis  known  as  '^mineral  pitches"  or  natural  asphalts; 
e.g.,  Trinidad  pitch,  glance  pitch,  gilsonite,  etc.    (6)  Artificial  — 

1.  Residues  from  the  distillation,  oxidation,  etc.,  of  mineral 
oils;  e.g.,  petroleum  pitch,  blown  petroleum  asphalt,  sludge  pitch, 
Dubb's  asphalt,  etc. 

2.  Residues  from  the  distillation  of  tars;  e.g.,  coal-tar  pitch, 
brown-coal-tar  pitch,  coke-oven-tar  pitch,  blast-furnace-tar  pitch, 
water-gas-tar  pitch,  generator-gas-tar  pitch,  wood-tar  pitch, 
pine-tar  pitch,  etc. 

3.  Residues  from  the  distillation  of  fusible  organic  substances, 
the  process  having  been  terminated  before  the  actual  formation 
of  coke;  e.g.,  resin  pitch,  stearin  pitch  (fatty  acid  pitches),  etc. 

4.  Artificial  mixtures  complying  with  the  above  general  defini- 
tion of  the  term  ''pitch,"  regardless  of  their  origin  or  composition 
(e.g.,  insulating  pitch.  Brewer's  pitch,  roofing  pitch,  etc.). 

Wax:  (a)  Natural  — 

1.  Mineral  {e.g.,  ozokerite,  ceresine,  montan  wax,  hatchet- 
tite,  etc.) 

2.  Vegetable  {e.g.,  Japan  wax,  carnauba  wax,  etc.) 

3.  Animal  {e.g.,  beeswax,  spermaceti,  etc.) 
(6)  Artificial  — 

1.  From  the  distillation  of  paraflinaceous  petroleum,  ozokerite, 
etc. 

2.  From  the  destructive  distillation  of  lignite  (brown  coal), 
parafiinaceous  shales,  etc. 

The  following  chart  shows  the  relation  between  bituminous 
substances,  bitumens,  pyro  bitumens,  maltha,  asphaltum,  asphal- 
tite,  tars  and  pitches;  also  between  resinous  substances,  true 
resins,  oleo  resins,  gum  resins  and  mineral  resins. 
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iVegetable:  These  may  be  of  recent  formation  or  ancient  formation.  In 
the  latter  case,  they  are  termed  "fossil."  It  is  usually  conceded,  however, 
that  in  either  event  they  are  of  vegetable  origin. 

^Naturally  Occurring:  This  excludes  artificial  products,  as  for  example, 
certain  tars  and  pitches,  synthetic  products,  artificial  mixtures,  etc. 

^Obtained  from  distillation  of  bitumens:  This  includes  petroleum  pitch, 
either  "straight"  or  "cut  back." 

♦Obtained  from  the  "oxidation"  of  bitumens:  This  includes  "blown" 
petroleum  pitches. 

6  Obtained  from  the  " sulphurization "  of  bitumens:  This  includes  the  so- 
called  "Dubb's  asphalt,"  obtained  by  heating  petroleum  residues  with 
sulphur, 

"Variable  Origin:  It  may  be  of  animal,  vegetable  or  mineral  origin  and 
includes  both  natural  and  artificial  products. 

"Hydrocarbon  Complex:  Often  contains  oxygen,  nitrogen  or  sulphur 
derivatives  of  the  hydrocarbons.  This  excludes  vegetable  resins,  vegetable 
and  animal  waxes,  etc. 

sAssociated  with  a  mineral  matrix:  This  may  be  calcareous,  siUceous, 
earthy,  etc.,  which  is  usually  present  as  an  impurity. 

^Solutions  in  essential  oils:  The  essential  oils  consisting  of  terpenes. 
"Variable  Compositions:  No  exact  chemical  composition.  Usually  mix- 
tures of  closely  related  substances,  composed  of  the  elements  carbon  and 
hydrogen,  together  with  varying  amounts  of  oxygen,  sulphur  and  nitrogen. 
May  contain  hydrocarbons,  fats,  fatty  acids,  resin  acids,  waxes,  etc.,  etc, 
or  mixtures  of  these. 

"Insoluble  in  water:  This  excludes  gum  resins,  carbo  hydrates,  etc. 

i2Partly  soluble  in  water:  The  carbo  hydrates  ("gums")  are  the  soluble 
constituents, 

I'Soluble  in  carbon  disulphide,  benzol,  etc:  This  does  not  take  into  con- 
sideration the  mineral  constituents  present  and  excludes  the  pyro  bitumens. 

"Relatively  insoluble  in  carbon  disulphide,  benzol,  etc. :  This  likewise  does 
not  take  into  consideration  the  mineral  constituents  present  and  excludes 
the  bitumens  proper,  tars  and  most  pitches. 

"Viscous :  This  excludes  gaseous  and  soUd  bitumens. 

leViscous  to  semi-soUd:  This  is  governed  by  the  amount  of  essential  oil 
present. 

1 'Viscous  to  solid:  Some  occur  as  sticky  masses,  others  as  hard  and  brittle 
soUds  at  ordinary  temperatures.  Plasticity  is  an  inherent  or  an  acquired 
property.  Some  are  plastic  at  ordinary  temperatures,  others  become  plastic, 
under  the  influence  of  heat  or  when  combined  with  suitable  fluxes.  This 
excludes  the  gaseous  and  liquid  bitumens,  tars  and  oleo  resins. 

^^Viscous  to  sohd  Bitumens  and  Pyro  Bitumens:  This  includes  the  hard 
and  relatively  insoluble  wood  tars,  pitches,  etc. 

"Semi-solid  to  solid:  Usually  contains  small  amounts  of  essential  oils, 
which  largely  govern  the  consistency. 

aoSoUd:  This  excludes  gaseous,  liquid  and  viscous  substances. 

2iVariable  Hardness:  This  includes  gaseous  (in  the  case  of  bitumens),  also 
liquid,  viscous  and  solid  substances. 

22Light  Colored  in  Mass:  This  excludes  the  mineral  resins. 

23Dark  Colored  in  Mass:  Usually  black.  This  excludes  paraflan  (ceresine), 
and  vegetable  resins. 

24Variable  Color  in  Mass:  Color  ranges  from  pure  white  (parafl&n  wax),  to 
very  dark,  ahnost  black  (ozokerite  and  montan  wax) . 

25Amorphous  Structure:  In  distinction  to  crystalline. 

^^Conchoidal  Fracture:  But  sometimes  "hackly." 

27Waxy  Lustre:  Mineral  waxes  have  a  waxy  lustre,  and  are,  therefore, 
included. 
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^  28Resinous  Lustre:  This  together  with  the  light  color  is  characteristic  of 
the  true  resins. 

^;^>»Non-adherent  to  slightly  adherent  feel:  In  distinction  to  the  unctuous 
feel  of  waxes. 

^  j/'^Unctuous  Feel:  This  is  characteristic  of  waxes. 

siTarry  Odor:  Most  tars  have  a  characteristic  odor,  but  some  mineral  tars 
(e.g.,  maltha,  petroleum  tars,  etc.),  are  practically  free  from  odor. 

"Extremely  susceptible  to  changes  in  temperature:  Meaning  that  they 
pass  rapidly  from  the  solid  to  the  liquid  state  as  the  temperature  is  raised 
{i.e.,  have  a  high  "susceptibility  factor"). 

ssFusible:  Soften  on  warming,  melt  without  decomposition,  decompose  as 
the  temperature  is  increased,  and  finally  burn  with  a  smoky  flame,  leaving  a 
carbonaceous  residue  behind.  This  excludes  the  asphaltites,  as  these  are 
difl5cultly  fusible,  and  the  pyrobitumens  as  these  are  infusible  (but  which, 
however,  decompose  and  melt  at  higher  temperatures). 

3<Difficultly  Fusible :  Intermediate  between  the  natural  asphalts  and  pyro 
bitumens. 

sslnfusible:  This  excludes  the  Bitumens  Proper,  Vegetable  Resins,  Tars, 
Pitches,  etc. 


{Presented  by  permission  of  the  Director  of  United  States 
Bureau  of  Mines) 


METHODS  FOR  THE  DETERMINATION  OF  WATER  IN 
PETROLEUM  AND  ITS  PRODUCTS 

By  Irving  C.  Allen  and  Walter  A.  Jacobs 
United  States  Bureau  of  Mines,  Pittsburgh,  Pa. 

Methods  employed  for  the  determination  of  water  in  petroleum 
and  in  its  products  may  be  classified  as  follows : 

1.  Loss  in  weight  on  heating. 

2.  Diluting  T\ath  a  solvent  and  settling  by  gravity. 

3.  Diluting  with  a  solvent  and  separating  with  a  centrifuge. 

4.  Treating  with  a  calcium  carbide. 

5.  Treating  with  sodium. 

6.  Use  of  a  color  comparitor  tube. 

7.  Treating  with  normal  acids. 

8.  Electrical  treatment. 

9.  Distilling  with  a  nonmiscible  liquid. 
10.  Directly  distilling  off  the  water. 

1.  Loss  IN  Weight  on  Heating 
Conradson  determines  the  water  content  of  heavy  oils  by  the 
loss  in  weight  on  heating.    However,  he  recognizes  the  fact  that 
when  a  heavy  oil  is  heated  to  a  temperature  of  100°  C.  some  oil 
vnW  be  volatilized  and  lost. 

Wright  heats  to  105°  C,  Hurst  to  220°  F.,  and  Archbutt  and 
Deeley  to  105-110°  C.  Davis  saturates  a  tarred  filter  paper  and  heats 
to  110°C.,  Patrick  heats  the  oil  until  shght  decomposition  takes 
place,  and  assumes  the  loss  in  weight  to  be  a  loss  of  water. 

Gavaloski  has  improved  the  evaporation  method  by  using  dupli- 
cate samples  in  tared  flasks.  He  heats  one  flask,  opened  in  the 
usual  manner  and  attaches  to  the  other  a  sulphuric-acid  drying 
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tube,  which,  he  states,  absorbs  the  water  and  allows  the  oil  vapors 
to  pass  through  unabsorbed.  The  difference  in  loss  of  weight  he 
assumes  to  be  a  water  loss.  Lowenstein  dilutes  with  95  per  cent 
alcohol  and  dries  repeatedly  on  a  water  bath  and  then  at  a  tempera- 
ture of  105°  C.  to  constant  weight. 

The  evaporation  method  varied,  as  described  above,  is  ap- 
proximate and  applicable  to  heavy  oils  and  greases  only.  Its 
accuracy  even  with  heavy  greases  is  questionable. 

2.  Diluting  with  a  Solvent  and  Settling  by  Gravity 

Curtus  and  Thompkins  dilute  200  cc.  of  the  oil  with  600  cc.  of 
70°  Baume  gasoline,  allow  the  liquid  to  settle  in  a  graduated  glass 
tube,  and  read  the  volume  of  water  settling  to  the  bottom  of  the 
tube.  Sussanow  in  using  this  method  employs  benzine  instead 
of  gasoline  as  a  solvent. 

This  method  is  only  approximate.  Its  accuracy  is  modified 
by  the  quantity  and  quality  of  the  diluent  used,  by  the  amount 
of  mineral  matter  in  the  oil,  by  the  character  of  insoluble  portions 
of  the  oil  itself,  such  as  asphaltine,  and  by  the  length  of  time 
allowed  for  settling. 

3.  Diluting  with  a  Solvent  and  Separa^ting  with  a 
Entrifuge 

Charitschkow,  Wieloezynski,  Rosenthal,  and  O'Neill  have 
greatly  improved  the  method.  After  diluting  the  oil  with  an 
equal  volume  of  benzine  they  centrifuge  vigorously  until  the 
separated  layer  of  water  does  not  appear  to  increase  in  volume. 
However,  as  water  is  somewhat  soluble  in  any  diluent  used  and 
also  in  oils,  a  portion  of  the  water  content  will  fail  to  appear,  so 
that  consequently  the  method  in  which  a  diluent  is  used  cannot 
be  considered  accurate.  It  is  advisable  first  to  agitate  the  diluent 
vigorously  with  water  and  then  centrifuge  in  order  to  saturate  it 
with  water  before  using. 

Grosschuff  states  that  100  grams  of  benzine  at  3°  C.  will  dis- 
solve 0.03  grams  of  water,  and  3.37  grams  at  77°  C.,  whereas 
petroleum  products  (density  0.792)  will  dissolve  from  0.012  grams 
at  2°  C.  to  9.7  grams  at  94°  C. 
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4.  Treating  with  Calcium  Carbide 

Dupre,  Danne,  0.  Masson  and  I.  Masson  agitate  samples  of  the 
various  materials  containing  water  under  examination  with  an 
excess  of  calcium  carbide,  measure  the  volume  of  acetylene  evolved, 
and  calculate  the  content  of  water. 

Wielezynski,  Roberts  and  Fraser  maintain  that  this  method  may 
be  appHed  successfully  to  petroleum.  The  method  may  be  car- 
ried out  conveniently  as  follows : 

To  the  stopper  of  a  250  cc.  separatory  funnel  a  is  fitted  a  second 
100  cc.  separatory  funnel  b,  which  in  turn  is  fitted  with  a  small  glass 
stop  cockc;  17.24  grams  of  the  sample  is  run  into  a,  the  lower  cock  of 
h  is  closed  and  h  is  connected  to  a.  About  10  grams  of  powdered 
calcium  carbide  is  run  into  h  and  cock  c  inserted.  Cock  b  is  cau- 
tiously opened,  the  dropping  of  any  carbide  into  a  being  avoided, 
and  the  whole  is  immersed  in  a  water  bath  maintained  at  any  con- 
venient temperature  t.  Immersion  is  made  up  to  cock  c,  which  is 
open  to  the  atmosphere.  When  the  temperature  t  has  been 
reached  c  is  closed,  the  apparatus  is  removed  from  the  bath  and 
the  carbide  is  shaken  into  a.  The  sample  and  carbide  are  then 
shaken  vigorously,  and,  if  necessary,  are  cooled  several  times  under 
cold  water.  After  the  reaction  is  completed,  the  whole  is  again 
brought  to  temperature  t  by  immersion  in  the  water  bath,  union  is 
made  with  c  and  a  gas  buret,  and  the  increase  in  volume  due  to  the 
generation  of  acetylene  is  measured.  One  gram  of  water  generates 
approximately  580  cc.  of  acetylene  at  0°  C.  and  760  mm.  pressure. 

It  should  be  noted  that  acetylene  is  soluble  in  oils.  One  cc. 
of  kerosene  (specific  gravity  0.7950)  dissolves  approximately 
1.375  cc.  of  acetylene,  and  1  cc.  of  spindle  oil  of  specific  gravity 
0.8667  will  dissolve  approximately  0.95  cc.  of  acetylene,  that  is  an 
average  of  1.10  cc.  of  acetylene  per  1  cc.  of  oil.  This  absorption 
is  not  a  constant  but  will  vary  with  different  oils.  This  variation 
will  introduce  an  error  of  approximately  110  cc.  per  100  cc.  of  oil 
used;  or  17.24  grams  of  a  sample  will  absorb  18.96  cc.  of  acetylene, 
introducing  an  error  of  approximately  18.96  in  580  cc,  that  is  3.2 
per  cent  in  the  water  content.  For  this  error,  approximate  cor- 
rection can,  of  course,  be  made.  If  the  sample  is  too  viscous  to 
mix  readily  with  the  carbide  it  may  be  diluted  with  50  cc.  of  an 
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oil  of  low  vapor  tension  such  as  kerosene,  and  correction  may  be 
made  for  the  acetylene  absorbed  therein.  For  example,  55  cc. 
of  acetylene  absorbed  in  50  cc.  of  the  diluent  plus  18.96  cc. 
absorbed  in  the  17.24  cc.  of  sample  will  give  an  approximate  correc- 
tion of  74  cc,  which  is  to  be  added  to  the  buret  reading.  It  must 
also  be  noted  that  a  portion  of  the  water  is  held  by  the  calcium 
hydroxide  formed  in  the  action  of  the  water  on  the  carbide. 

This  method  is  easily  carried  out,  is  approximately  correct,  and 
may  be  used  for  many  classes  of  materials  containing  water. 

5.  Treating  with  Sodium 
Grsefe  estimates  the  water  content  of  an  oil  by  agitating  with 
finely  cut  metallic  sodium. 

This  may  be  carried  out  as  follows: 

For  each  gram  of  water  in  the  sample  of  oil,  about  two  grams  of 
finely  cut  sodium  is  used  in  the  same  apparatus  and  in  exactly  the 
same  manner  as  described  in  Method  4. 

This  will  react  in  the  following  manner: 

Na2   2H2O   2NaOH  H2 
2 

or  1  g.  of  water  generates  —  g.  of  hydrogen. 

36 

1000  cc.  of  hydrogen  weigh  0.09004  g.  at  0°  C,  and  760  mm.  pres- 
sure or  1  g.  of  hydrogen  is  11,106.17  cc. 

2 

One  g.  of  water  generates  —  (11,106.17)  cc,  or  617.0095  cc.  of 

36 

hydrogen,  or  1  cc.  of  hydrogen  represents  .001604  g.  of  water  in  the 
sample  used. 

This  gives  much  more  accurate  results  than  when  calcium  car- 
bide is  used,  as  hydrogen  is  not  appreciably  soluble  in  petroleum 
products. 

6.  Use  of  a  Color  Comparitor  Tube 
Martin  compares  the  sample  under  consideration  in  a  color 
comparitor  tube  with  standard  mixtures  of  oil  and  water.  This 
method  of  determination  of  water  content  is  roughly  approximate 
and  applicable  only  when  the  water  is  present  in  visible  suspension. 
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7.  Treating  with  Normal  Acids 
Nettel  mixes  100  cc.  of  the  sample  with  100  cc.  of  petroleum 
spirit,  adds  50  cc.  of  tenth-normal  hydrochloric  acid,  agitates  five 
minutes,  allows  the  mixture  to  settle  at  65°  C.  for  half  an  hour,  and 
titrates  an  aliquot  part  of  the  separated  acid-water  layer  with 
normal  alkalies.  He  concludes  that  the  loss  in  acidity  of  the  stand- 
ard solution  is  due  to  the  absorption  of  acid  by  the  water  dissolved 
in  the  oil,  basing  his  conclusions  on  the  assumption,  first,  that  water 
in  petroleums  is  neither  acid  nor  alkaline;  second,  that  the  added 
acid  solution  mixes  thoroughly  with  the  water  in  the  oil;  and  third, 
that  crude  oil  itself  has  no  action  on  the  acid. 

Crude  oil  often  contains  natural  mineral  waters  which  may  be 
either  acid  or  alkaline,  and  refined  oils  may  often  contain  some  of 
the  wash  alkalies.  The  presence  of  such  mineral  waters  or  wash 
alkalies  would  prevent  accurate  results  from  the  use  of  the  method 
described  above. 

8.  Electrical  Treatment 

A  convenient  method  to  reduce  the  water  content  of  an  emulsi- 
fied oil  to  approximately  0.5  per  cent,  is  as  developed  by  Cottrell 
and  Speed.  The  method  is  admirably  adapted  for  reducing  the 
water  content  on  a  large  scale.  A  convenient  laboratory  apparatus 
may  be  made  as  follows: 

A  glass  tube  about  5  cm.  in  diameter  and  30  cm.  long,  and  open 
at  the  top,  is  drawn  out  at  its  lower  end  and  fitted  with  a  glass 
cock.  On  the  inner  surface  of  the  tube  is  fitted  a  copper  gauze  cyl- 
inder extending  from  the  top  to  within  5  cm.  of  the  bottom. 
Between  the  gauze  and  the  tube  is  placed  a  single  wrapping  of  wet 
cheese  cloth  or  very  thin  muslin.  The  tube,  held  in  a  vertical 
position,  has  centered  within  it  a  heavy  copper  wire  or  rod  which 
also  extends  from  the  top  to  within  5  cm.  of  the  bottom.  The 
copper  wire  and  the  copper-gauze  cylinder  are  connected  to  the 
high-potential  (2200  volts)  terminals  of  a  step  up  transformer. 

In  use  the  tube  is  filled  with  the  emulsified  oil  to  be  examined, 
and  the  circuit  is  closed.  The  high-tension  current  breaks  down 
the  emulsion  and  allows  the  water  to  trickle  down  the  cheese  cloth 
and  settle  into  the  lower  end  of  the  tube,  where  it  can  be  drawn  off. 
With  oils  containing  considerable  water,  the  current  must  be 
broken  at  short  intervals  to  prevent  over-heating  of  the  oil. 
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This  process  will  readily  reduce  the  water  content  of  an  emulsion, 
with  little  heating,  to  as  low  as  0.5  per  cent  in  half  an  hour,  and  is 
admirably  adapted  to  reduce  the  water  content  of  emulsions  when 
heating  is  objectionable,  but  quantitatively  can  not  be  compared 
with  methods  2,  3,  4,  5,  9  and  10. 

9.  Distilling  with  a  Nonmiscible  Liquid 
Dean  estimates  the  moisture  in  creosote  as  a  result  of  distilla- 
tion with  a  water-saturated  xylene  and  of  measurement  of  the 
water  that  separates  in  the  distillate.  Holde  and  Marcusson  use 
the  same  method  for  water  in  greases,  whereas  Marcusson  uses 
toluene,  as  well  as  xylene. 

Testoni  employs  turpentine  in  a  like  manner  for  the  determina- 
tion of  the  water  content  of  molasses;  Prutzman  uses  a  mixture 
of  benzine  and  toluene  for  this  purpose.    Sadtler  recommends  the 
use  of  benzine  boiling  at  a  temperature  of  300  to  450  F. 
A  convenient  method  is  as  follows : 

One  hundred  grams  of  the  sample  is  mixed  in  a  distilling  flask 
with  200  grams  of  toluene  (or  benzine  or  xylene)  and  distilled  into 
a  graduate  in  the  usual  manner  until  the  distillate  comes  over 
perfectly  clear.  The  distillate  is  allowed  to  settle  by  gravity,  or 
is  separated  by  a  centrifuge,  and  the  volume  of  water  is  read  off 
directly,  or  the  water  may  be  withdrawn  with  a  micropipette 
and  weighed.  As  water  is  somewhat  soluble  in  all  of  the  three 
hydrocarbons  mentioned,  the  method  is  not  accurate  but  is  con- 
venient when  approximate  results  only  are  desired. 

10.  Directly  Distilling  Off  the  Water 
Bell,  Senger  and  Allen  distill  the  sample  directly  and  measure 
or  weigh  the  quantity  of  water  settling  out  in  the  distillate. 

The  water  content  may  be  accurately  and  conveniently  deter- 
mined during  the  course  of  an  ordinary  distillation  in  the  following 
manner: 

Two  hundred  grams  of  the  sample  is  weighed  into  a  one-quarter- 
liter  distilling  flask  and  the  distillation  carried  out  in  the  ordinary 
manner  at  the  rate  of  one  drop  of  distillate  per  second.  The  dis- 
tillation can  be  performed  most  accurately  in  an  electric  still.  At 
temperature  between  100 and  150° C,  the  water  distills  over  and  can 
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be  removed  from  the  receivers  by  means  of  a  micropipette  and 
weighed.  Usually  a  few  drops  of  water  adhere  to  the  condenser 
and  fail  to  run  into  the  receivers;  in  this  event  a  small  pellet  of 
absorbent  cotton,  moistened  with  water,  squeezed  as  dry  as  pos- 
sible, and  weighed,  is  fastened  to  a  wire  and  run  up  into  the  con- 
denser to  remove  these  last  traces  of  water.  The  amount  of  the 
increased  weight  of  the  cotton  pellet,  reckoned  as  water,  is  added 
to  the  weight  of  the  water  in  the  receivers. 

With  an  oil  containing  considerable  water,  it  is  advisable  to 
cause  a  slow  current  of  a  dry  inert  gas,  such  as  carbonic  acid,  to 
bubble  through  the  oil  in  the  distilling  flask  to  carry  off  the  vapors 
of  oil  and  water  as  soon  as  formed.  The  gas  current  will  reduce 
bumping  and  overheating  of  the  oil  to  a  minimum.  The  condenser 
must  also  be  kept  well  cooled  throughout  the  distillation.  This 
method,  with  the  quantity  of  sample  and  the  apparatus  above 
mentioned,  is  accurate  to  less  than  0.03  per  cent. 

Conclusions 

Method  1  is  approximate  and  applicable  to  heavy  oils  and  greases 
only. 

Method  2  is  approximate  and  applicable  to  thin  oils.  A  diluent 
is  to  be  avoided. 

Method  3  is  like  Method  2,  but  is  more  rapid. 

Method  4  is  convenient  and,  with  petroleums,  accurate  to  ap- 
proximately 3  per  cent  of  the  water  percentage. 

Method  5  is  convenient  and  accurate. 

Methods  6  and  7  are  approximate  only. 

Method  8  is  successful  in  breaking  up  an  emulsion  on  a  commer- 
cial scale  or  in  reducing  the  water  content  of  an  oil  to  such  a  condi- 
tion that  it  can  be  successfully  treated  in  some  other  manner. 

Method  9  is  accurate  to  approximately  .033  grams  of  water  per 
100  cc.  of  benzine  and  oil  in  the  distillate. 

Method  10  is  convenient  and  can  be  used  simultaneously  with 
a  distillation.  It  is  accurate  to  about  .003  grams  of  water  in  the 
distillate  if  the  water  be  cooled  to  about  2  C. 
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1.  DRY  FUSION  WITH  ALKALIES  AND  SUBSEQUENT 
OXIDATION  WITH  BROMINE 

By  Irving  C.  Allen  and  T.  W.  Robertson 
Bureau  of  Mines,  Pittsburgh,  Pa. 

Heath  and  Sadtler,  in  determining  the  total  sulphur  in  a  given 
fuel,  fuse  the  sample  directly  with  dry  sodium  carbonate  and 
magnesium  oxide  and  eventually  complete  the  oxidation  with 
bromine  and  precipitate  with  barium  chloride  in  the  usual  manner 
the  sulphuric  acid  formed. 

Handy  fuses  the  sample  with  either  sodium  or  potassium  car- 
bonate. 

Hundeshangen  and  Herting  fuse  with  a  mixture  of  sodium  and 
potassium  carbonates  and  magnesium  oxide.  Hundeshagen  fuses 
with  magnesium  oxide  and  potassium  hydrate.  Garrett  and 
Lomax  prefer  to  fuse  with  calcium  oxide  and  sodium  carbonate 
because  they  maintain  that  calcium  oxide  free  from  sulphur  is 
more  easily  obtained. 

A  usual  method  of  procedure  is  as  follows: 

In  a  platinum  crucible  of  10  cc.  capacity  0.7  to  1.5  grams  of  the 
sample  is  intimately  mixed  with  3  to  4  grams  of  a  fusion  mixture, 
consisting  of  4  grams  of  magnesium  oxide,  1  gram  of  sodium  car- 
bonate, and  1  gram  of  potassium  carbonate.  The  crucible  is  then 
filled  with  magnesium  oxide.  Over  this  is  inverted  a  somewhat 
larger  platinum  crucible.  The  two  crucibles  are  then  inverted, 
the  larger  is  nearly  filled  with  the  fusion  mixture,  and  is  loosely 
covered  with  the  crucible  lid.  The  crucible  is  tilted  about  15°  in 
a  porcelain  triangle  and  heated  very  gradually,  avoiding  spurting, 
over  a  sulphur-free  flame  till  the  crucible  is  red  hot.  This  heating 
requires  about  20  minutes.  The  crucibles  are  then  cooled,  boiled 
in  100  cc.  of  water  containing  15  cc.  of  bromine  water,  acidified 
with  hydrochloric  acid,  filtered,  boiled  free  from  carbonic  acid, 
and  treated  with  a  slight  excess  of  boiling  barium  (chloride  solu- 
tion) in  the  usual  manner. 
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2.  Dry  Fusion  with  a  Mixture  of  Alkalies  and 
Oxidizing  Agents 

Blair,  Peckham,  Lidow,  and  Koch  and  Upson  fuse  the  sample 
with  sodium  carbonate  and  potassium  nitrate,  or  with  ammonium 
nitrate  and  sodium  carbonate. 

Schreiber  fuses  with  sodium  hydroxide,  sodium  nitrate,  and 
magnesium  nitrate. 

Langmuir  fuses  with  potassium  carbonate  and  potassium  nitrate. 
Aufrecht  fuses  with  acid  sodium  carbonate  and  ammonium  ni- 
trate. Eschka  fuses  with  magnesium  oxide  and  sodium  carbonate. 
He  sometimes  adds  ammonium  nitrate.  Charitschkoff  treats 
with  potassium  bichromate  and  fuming  hydrochloric  acid  and 
completes  the  oxidation  with  bromine. 

In  using  this  method,  one  may  proceed  as  under  Method  1, 
using,  however,  as  a  fusion  mixture  4  grams  of  magnesium  oxide, 
1  gram  of  sodium  carbonate,  and  1  gram  of  potassium  nitrate, 
thus  avoiding  the  use  of  bromine.  It  is  necessary  in  this  case 
after  fusion  to  evaporate  to  dryness  repeatedly  with  concentrated 
hydrochloric  acid  to  expel  the  last  traces  of  nitric  acid  before  pre- 
cipitating with  the  barium  chloride.  It  should  be  noted  that  this 
fusion  should  not  be  made  in  platinum,  because  if  more  than  .02 
grams  of  nitrates  is  used  in  the  fusion,  they  will  attack  the  platinum. 

The  expulsion  of  nitric  acid  is  troublesome,  so  that  this  method 
is  not  as  satisfactory  as  Method  1. 

Furman  and  lies  fuse  the  sample  with  potassium  hydrate  and 
treat  with  bromine. 

Dubois  fuses  with  sodium  carbonate,  manganese  dioxide,  and 
potassium  permanganate. 

Schillbach  fuses  with  barium  peroxide. 

Osborne,  Parr,  Wheeler,  and  Berolzheimer,  Konek  and  St. 
Warunis  fuse  with  sodium  peroxide. 

Method  2  has  its  adherents,  but  there  seems  to  be  little  to  say 
for  or  against  it  as  compared  with  Method  1,  except  that  it  is  less 
convenient. 

3.  Treating  with  Wet  Alkalies  and  Oxidizing  Agents 
Lecocq  and  Vandervoort  treat  the  sample  with  a  solution  of 
hydrogen  peroxide. 


x] 


Congress  of  Applied  Chemistry 


27 


Gill  and  Grindley  treat  with  nitric  acid  and  potassium  nitrate. 

Goetzl  concentrates  the  sample  to  a  small  bulk  with  fuming 
nitric  acid,  then  fuses  with  sodium  carbonate  and  potassium  , 
nitrate. 

Calvert  boils  20  hours  with  nitric  acid,  Marchlewski  extracts 
with  carbon-bisulphide,  concentrates,  and  oxidizes  with  nitric 
acid  and  potassium  perchlorate. 

Schulz  boils  with  a  30  per  cent  solution  of  sodium  hydroxide 
containing  zinc  and  lead  acetate,  filters  the  lead  sulphide  formed, 
and  fuses  with  sodium  and  potassium  carbonates. 

Method  3,  with  the  modifications  mentioned,  also  has  its  ad- 
herents, but  like  Method  2  seems  to  be  less  convenient  than 
Method  1. 

All  of  the  above-mentioned  fusion  processes  must  be  carried 
out  most  carefully  under  a  slow  heating,  and  all  require  a  consider- 
able time  for  their  completion.  Though  sufficiently  accurate  for 
such  dry  materials  as  coal  and  coke,  the  readiness  with  which  oils 
volatilize  and  burn  prohibits  their  use  in  oil  analysis. 

4.  Oxidation  with  Fuming  Nitric  Acid  at  High  Pressures 

Carius  seals  a  given  fuel  sample  with  fuming  nitric  acid  in  a 
glass  tube  and  heats  under  pressure  to  complete  the  oxidization. 

Anelli  claims  that  by  introducing  barium  nitrate  into  the  Carius 
tube  more  accurate  results  are  obtained. 

Holand  suggests  the  introduction  of  potassium  perchlorate  into 
the  Carius  tube. 

Method  4,  though  accurate,  on  account  of  the  tendency  of  the 
tube  to  explode  under  heating,  is  difficult  to  make  and  is  not  uni- 
versally satisfactory. 

5.  Burning  in  Pure  Oxygen  at  Atmospheric  Pressure 

Hempel  burns  the  given  fuel  sample  in  oxygen  in  a  large  glass 
bottle,  and  completes  the  oxidization  with  bromine. 

Grafe  treats  in  a  like  manner,  but  completes  the  oxidization 
with  sodium  peroxide  solution. 

The  method  may  be  carried  out  as  follows : 

Into  the  stopper  of  a  10-liter  glass  bottle  is  fitted  a  dropping 
funnel  of  100  cc.  capacity  filled  with  a  five  per  cent  solution  of 
hydrochloric  acid  containing  a  few  drops  of  bromine.    Two  plati- 
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num  wires  to  carry  the  ignition  current  are  passed  through  the 
stopper.  One  wire  supports  a  small  crucible  containing  the  sample. 
A  microplatinum  wire  or  a  pure  iron  wire  (No.  36  B.  &  S.  gage) 
short  circuits  the  two  wires  and  dips  into  the  fuel,  which,  when  the 
current  is  used,  acts  as  an  incinerator  to  ignite  the  sample.  The 
bottle  is  filled  with  oxygen  and  the  stopper  tied  firmly  in  place. 
On  ignition  the  sample  burns.  The  bottle  is  then  cooled  by  im- 
mersing in  cold  water,  the  contents  of  the  dropping  funnel  are  run 
into  the  bottle  to  complete  the  oxidation,  the  contents  of  the  bottle 
are  washed  into  a  beaker,  and  the  sulphuric  acid  is  precipitated 
as  under  Method  1  or  Method  8. 

The  manipulation  of  the  above-described  apparatus  is  diflScult, 
the  oxidations  are  not  dependable,  and  the  method  has  not  re- 
ceived general  application. 

6.  Burning  in  a  Stream  of  Pure  Oxygen 

The  elemental  organic  combustion  train  is  adaptable  to  the 
determination  of  sulphur.  The  sulphur-determination  method 
involved  in  the  use  of  this  train,  as  modified  by  Mabery,  Barlow 
and  Tolleus,  Brugelmann,  Bay,  Warren,  Sauer,  and  Mixter,  is 
practicable  and  accurate  though  requiring  a  considerable  degree 
of  care. 

Dammer  has  further  improved  this  method  by  introducing  in  the 
train  platinized  asbestos  as  an  oxygen  carrier. 

Dennstedt  uses  platinized  quartz,  whereas  Brunck  mixes  the 
sample  with  cobalt  oxide.  These  catalizers  have  greatly  improved 
the  general  usefulness  of  the  method. 

Dennstedt  proceeds  as  follows : 

The  ordinary  elemental  organic  combustion  train  with  a  tube 
of  hard  glass  is  employed.  The  train  is  fitted  with  the  usual 
washing  bottle  at  the  entrance  of  the  furnace  and  with  absorbing 
potash  bulbs  at  its  exit.  At  the  entrance,  however,  the  combus- 
tion tube  is  fitted  with  an  inner  tube  h  holding  the  boat,  which 
communicates  directly  with  the  oxygen  supply  independently  of 
the  combustion  tube  itself.  This  arrangement  allows  the  operator 
to  pass  oxygen  either  directly  over  the  sample,  thereby  causing 
rapid  combustion,  or  he  may  pass  oxygen  into  the  outer  tube, 
from  whence  it  may  unite  with  the  sample  after  volatilization. 
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By  this  arrangement  the  operator  can  accelerate  or  retard  the 
combustion  at  will,  a  necessity  in  working  with  volatile  oils.  The 
combustion  tube,  for  about  two  inches  of  its  length,  is  filled  with 
platinized  quartz  or  asbestos  instead  of  being  filled  for  10  inches 
with  copper  oxide,  as  in  the  older  furnace.  The  quartz  or  asbestos 
acts  as  an  oxygen  carrier  to  complete  the  combustion.  The  sul- 
phuric-acid fumes  are  absorbed  directly  in  potash  bulbs,  or,  if 
a  carbon-hydrogen  determination  is  made  simultaneously,  lead 
superoxide  in  two  long  boats  is  placed  in  the  end  of  the  tube.  The 
lead  superoxide  absorbs  the  sulphuric-acid  fumes,  which  later  may 
be  leached  with  a  25  per  cent  solution  of  sodium  carbonate,  and  the 
sulphuric  acid  may  be  precipitated  therefrom  with  barium  chloride 
in  the  usual  manner  described  under  Methods  1  and  8. 

This  combustion  method  must  be  carried  out  with  considerable 
care,  however,  to  avoid  too  rapid  a  volatilization  of  the  oil,  with 
consequent  incomplete  oxidation.  It  requires  the  constant  vigi- 
lance of  the  operator  and  a  considerable  time  for  completion,  but 
gives  admirable  results. 

7.  Burning  in  a  Lamp  in  Atmospheric  Oxygen 

A  method  applicable  for  the  determination  of  sulphur  in  burning 
oils  is  that  of  burning  a  given  oil  in  a  small  lamp  and  determining 
the  sulphur  in  the  products  of  combustion. 

Fischer,  Engler,  Allen,  Martwin-Riga  use  a  process  that  em- 
bodies the  absorption  of  the  products  of  combustion,  in  a  dilute 
potassium  or  sodium  hydroxide  solution,  completion  of  the  oxidi- 
zation with  bromine,  and  precipitation  of  the  sulphuric  acid  thus 
formed  with  barium  chloride,  in  the  usual  manner. 

Housler,  Kissling,  Friedlander  complete  the  oxidation  of  the 
products  of  combustion  with  potassium  permanganate. 

Magruder  and  Burton  absorb  the  products  of  combustion  in 
normal  sulphuric  acid. 

The  process  of  Magruder  a  and  Burton  h  embraces  the  absorp- 
tion of  the  products  of  combustion  in  normal  sulphuric  acid  and 
titration  with  normal  sodium  carbonate,  using  00  tropseoline  as 
an  indicator. 

For  all  burning  oils,  this  method  is  practicable  and  accurate, 
but  as  Conradson  states,  a  considerable  portion  of  the  sulphur  in 
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the  form  of  sulphates  and  sulphonates  remain  absorbed  in  the  wick  j 

of  the  lamp.    This  must  be  determined  by  a  fusion  method,  cor-  | 

rection  being  made  therefor.  ■ 

8.  Burning  in  a  Calorimetric  Bomb  under  30  to  40  Atmos-  . 

PHERES  Pressure  of  Pure  Oxygen  j 

The  method  found  most  practicable  and  accurate  for  all  oils,  \ 

and  the  one  used  almost  without  exception  in  the  petroleum  labora^  ' 

tory  of  the  Bureau  of  Mines,  is  the  calorimetric-bomb  method.  ' 

Allen,  Lord,  and  Lohmann  proceed  as  follows:  i 

0.7  to  1.0  grams  of  the  sample  is  burned  in  a  Berthelot  calori-  ] 
metric  combustion  bomb  containing  10  cc.  of  water  and  30  atmos- 
pheres of  oxygen.    (A  lower  pressure  of  oxygen  will  sometimes  i 
give  inaccurate  results.)    If  the  sample  contains  more  than  3.0 
per  cent  sulphur  the  bomb  is  allowed  to  stand  in  its  water  bath  for 
15  minutes  before  opening.    If  the  sulphur  content  is  as  high  as 
5.0  per  cent,  40  atmospheres  of  oxygen  is  used.    With  these  high 
oxygen  pressures  repeated  trials  have  failed  to  show  even  traces  j 
of  carbon  monoxide  or  sulphur  dioxide  when  a  Berthelot  bomb  of  i 
500  cc.  to  600  cc.  capacity  is  used.    With  a  smaller  bomb,  such  • 
as  the  Peters  or  Kroker,  of  about  175  cc.  capacity,  incomplete  com-  i 
bustion  may  result  if  too  large  a  sample  be  taken,  due  to  an  j 
insufficiency  of  oxygen.  \ 

A.  C.  Fieldner,  assistant  chemist  of  the  bureau,  in  a  conversation  I 

with  the  authors,  stated  that  "  a  mixture  of  pyrite  and  coal  was  | 
made,  the  mixture  containing  25  per  cent  sulphur.    One  gram  of 

this  mixture  was  burned  in  a  bomb  under  a  pressure  of  18  atmos-  3 

pheres.    Upon  opening  the  bomb  an  odor  of  SO2  was  noticeable.  | 

Burned  at  30  atmospheres  the  sulphur  was  0.2  per  cent  lower  than  j 

when  determined  by  the  Eschka  method."    The  combustion  \ 

would  have  been  complete  if  a  pressure  of  40  atmospheres  of  oxygen  ; 

had  been  used.    After  cooling  (15  minutes'  standing  usually  ; 

suffices)  the  bomb  is  opened  and  its  contents  washed  into  a  beaker.  j 

If  the  bomb  has  a  lead  washer  5  cc.  of  a  saturated  solution  of  so-  j 

dium  carbonate  is  added,  the  contents  are  heated  to  the  boiling  j 

point,  boiled  for  10  minutes,  and  are  then  filtered.    This  operation  | 

ci  necessary  to  decompose  the  lead  sulphate  that  might  have  1 

shipped  off  from  the  washer.    The  united  washings  are  then  | 
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filtered,  acidified  with  hydrochloric  acid,  boiled  to  expel  all  car- 
bonic acid,  and  the  sulphuric-acid  content  is  determined  in  the 
usual  way  with  barium  chloride. 

Gravimetric  determination  is  preferred  to  volumetric  because  the 
nitrogen  contained  in  the  air  originally  in  the  bomb  is  oxidized 
in  part  to  nitroacids,  which  cause  a  small  error  if  the  volumetric 
determination  alone  is  used.  The  sulphur  content  of  any  com- 
bustible material  from  light  gasoline  (weighed  in  a  tared  gelatin 
capsule)  to  solid  bitumens  and  cokes  can  be  readily  determined 
by  this  method. 

The  method  of  burning  in  a  bomb  is  accurate,  practicable,  and 
rapid  and  is  recommended  over  all  of  the  other  methods  described 
above.  It  can  be  made  simultaneously  with  the  calorimetric 
determination  if  the  latter  be  desired. 

Conclusions 

Methods  1,  2  and  3,  though  successful  with  such  slow-burning 
materials  as  coals  and  cokes,  are  not  dependable  with  oils. 

Method  4  is  accurate  but  because  of  frequent  explosions  is 
unsatisfactory. 

Method  5  is  not  accurate  because  at  atmospheric  pressure  the 
combustion  is  not  always  complete. 

Method  6  is  accurate  but  is  tedious  and  must  be  under  the  con- 
stant observation  of  the  operator. 

Method  7  is  applicable  to  burning  oils  but  not  to  gaseous  oils 
or  to  heavy  residues. 

Method  8  is  apphcable  to  all  oils  and  combustible  materials, 
and  is  accurate,  rapid,  and  dependable. 
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THE  TECHNICAL  PROBLEMS  OF  COAL  PREPARATION 


By  W.  S.  Ayres,  C.E. 
Hazleton,  Pa. 

The  problems  involved  in  the  preparation  of  coal  begin  in  the 
mine  itself  and  before  the  coal  is  even  cut,  and  end  with  the  load- 
ing of  the  prepared  product  into  transportation  cars  ready  for 
market.  For  the  solution  of  these  problems  the  engineer  must 
bring  to  his  aid  geology,  petrology,  mineralogy,  chemistry,  hy- 
drostatics, pneumatics  and  mechanics.  These  sciences  have, 
after  much  study  and  a  long-continued  experimentation  with 
every  variety  of  coal,  divulged  the  limits  within  which  their  re- 
spective groups  of  natural  laws  can  be  used  for  the  accomplish- 
ment of  the  end  sought.  Any  practice  outside  of  these  definite 
limits  is  sure  to  lead  to  disaster. 

Having  these  guiding  principles  at  hand,  the  continuity,  uni- 
formity, and  structural  nature  of  the  beds  of  coal  are  determined, 
from  which  the  system  of  mining  and  cutting  is  formulated;  the 
physical  peculiarities  of  both  the  coal  and  the  refuse  are  carefully 
studied  and  the  methods  of  handhng  and  preparation  are  defi- 
nitely selected;  the  degree  of  purity  possible  in  the  preparation, 
the  possible  percentage  of  recovery,  the  economy  of  the  process 
adopted,  and  the  market  value  of  the  prepared  product,  are  also 
determined. 

In  the  mine  it  is  of  great  importance  to  first  determine  the 
recoverable  tonnage  in  the  coal  beds,  and  from  this  data  to  deter- 
mine the  daily  capacity  of  the  proposed  preparation  plant. 

The  method  of  mining  the  several  seams  should  be  governed 
chiefly  by  the  manner  in  which  the  refuse  is  associated  with  the 
coal.  The  breaking  of  the  slates  and  rock  into  small  pieces,  in 
the  cutting  or  blasting  of  the  coal,  must  be  avoided  as  much  as 
possible  for  the  reason  that  the  larger  the  pieces  of  refuse  and  the 
smaller  the  quantity  of  it  that  is  finely  broken  the  simpler  and  less 
expensive  the  preparation  of  the  coal  for  market  will  be.  Wherever 
a  shaly  roof  clod  is  free  to  fall  as  soon  as  the  coal  is  removed,  every 
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economic  means  should  be  resorted  to  to  prevent  it  from  mixing 
with  the  coal. 

But  it  is  also  of  very  great  importance  in  the  preparation  prob- 
lem to  determine  what  alterations,  if  any,  have  taken  place  in  the 
coal  beds  from  folds  in  the  strata.  These  folds,  wherever  found, 
have  altered  to  a  greater  or  less  degree  the  fracture  of  the  coal. 
In  many  cases  they  have  crushed  the  coal  almost  to  a  powder, 
particularly  where  they  occur  in  the  anthracite  and  semi-anthra- 
cite fields.  In  others,  the  folding  has  caused  a  shale-like  frac- 
ture of  both  the  coal  and  slate.  Upon  the  presence  of  the  flat 
fractured  material,  in  considerable  quantity,  chiefly  depends  the 
selection  of  the  preparation  scheme.  There  are  some  other  con- 
ditions, however,  which  may  materially  modify  that  selection, 
namely,  the  manner  in  which  the  refuse  is  associated  or  com- 
bined with  the  coal.  It  may  be  associated  in  a  very  simple  way, 
consisting  of  bands  of  slate  or  rock  a  half  inch  or  more  in  thick- 
ness, which  separate  from  the  coal,  in  the  process  of  mining,  by 
distinct  dividing  planes,  or  it  may  be  combined  with  the  coal 
without  any  partings,  and  can  only  be  separated  from  it  by  hand 
tools  or  by  repeated  crushing  in  the  preparation  plant. 

As  to  the  transportation  of  the  material  from  the  working 
places  in  the  mine  to  the  preparation  plant,  it  should  be  done  in 
closed-end  cars.  The  method  of  handling  closed-end  cars  at  the 
dump  is  simple  enough  after  full  provision  has  been  made  for  the 
system.  The  saving  of  coal  filtered  through  the  doors  along  the 
gangways  and  haulage  tracks,  the  saving  in  labor  necessary  to 
periodically  clean  up  these  tracks,  the  avoidance  of  accidents 
from  the  doors  springing  open,  the  saving  in  repairs  to  the  mine- 
cars  because  of  the  absence  of  the  car  doors  and  the  safer  condi- 
tion against  dust  explosions,  would  pay  a  dividend  over  any 
advantages  that  may  exist  in  favor  of  the  open-end  or  door-car. 

The  preparation  of  coal,  whether  anthracite,  bituminous  or 
lignite,  or  any  of  the  grades  between  or  beyond  them,  must  make 
use  of  the  same  natural  laws,  namely,  those  governing  the  difl^er- 
ence  in  specific  gravity  and  those  governing  the  difference  in  the 
angle  of  repose.  One  of  these  groups  may  be  perfectly  efiicient 
in  preparing  one  coal  having  certain  physical  characteristics, 
while  for  another  coal  the  other  group  would  do  perfect  work, 
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and  for  the  almost  infinite  mergings  of  the  two  typical  classes 
of  coal  a  series  of  combinations  and  modifications  of  the  two 
principal  methods  would  have  to  be  employed. 

In  the  anthracite  fields  of  Pennsylvania,  the  preparation  of 
coal  has  been  carried  to  the  highest  degree  of  efficiency  and  econ- 
omy known  to  the  world,  yet  the  problem  in  all  its  details  is  not 
yet  satisfactorily  solved. 

In  the  earliest  days  of  anthracite  mining  in  Pennsylvania  only 
pure  lumps  of  coal  were  shipped,  and  to  obtain  these  only  the  pur- 
est beds  of  the  series  or  the  purest  benches  of  a  single  bed  were 
mined.  The  fine  coal  which  would  pass  through  a  mesh  of  about 
two  inches  was  sent  out  to  the  waste-bank.  No  attempt  was 
made  to  mine  the  entire  bed,  or  to  systematically  prepare  the  coal 
either  by  sizing  or  by  removing  the  impurities. 

The  governing  factors  in  the  preparation  of  any  coal  are,  to 
send  the  coal  to  the  consumer  in  a  condition  suited  to  his  require- 
ments, and  at  a  cost  that  leaves  a  margin  of  profit  to  the  operator. 
The  consumer's  requirements  are  presumably  based  on  the  economic 
results  that  he  desires  to  obtain,  whether  they  pertain  to  steam 
generation,  gas  production,  or  metallurgical  processes.  There- 
fore, to  meet  his  requirements,  —  which  set  the  standards  for 
sizes  and  purity,  —  the  producer  must  search  out  ways  and  means, 
within  economic  limits,  to  prepare  his  coal.  The  economic  end 
of  this  problem  is  not  an  easy  one,  and  consequently  because  of 
the  extended  and  intricate  nature  of  the  preparation  requirements 
for  some  complicated  deposits  of  coal,  added  to  a  diflScult  mining 
proposition,  there  is  but  little  profit  left  to  the  operator;  there- 
fore, it  is  easy  to  understand  why  one  operation  will  not  pay  a 
profit,  while  another  with  a  different  deposit  pays  handsomely. 
Each  must  prepare  its  coal  according  to  the  same  standards  for 
size  and  purity,  no  matter  what  it  may  cost,  and  receive  for  its 
prepared  product  the  same  market  value. 

In  the  specific  gravity  process  of  preparation,  typified  in  the 
jig,  many  perplexing  problems  have  arisen  and  many  annoying 
results  are  always  present,  depending  for  their  degree  of  serious- 
ness upon  the  physical  nature  of  the  material  being  treated. 

Any  material  in  order  to  be  treated  in  the  most  efficient  manner 
by  any  process,  must  first  be  sized.    The  most  efficient  method 
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of  sizing  coal  as  it  comes  from  the  mine,  —  and  that  sizing  must 
have  a  very  limited  range  in  variation,  —  is  by  a  series  of  shaking 
screens.  The  revolving  screen  is  a  thing  of  the  past,  because  of 
its  inefficiency,  its  destructiveness  to  the  coal  by  chipping,  and 
its  reversal  of  the  natural  order  of  sizing.  The  mesh  of  these 
shaking  screens  is  circular,  and  it  is  self-evident  that  this  circular 
mesh  will  allow,  but  in  a  less  degree  than  the  old  square  mesh, 
all  conceivable  shapes  of  material  to  drop  through  it,  provided  that 
each  individual  piece  has  for  the  maximum  dimension  of  its 
minimum  cross  section  a  measurement  just  a  little  less  than  the 
diameter  of  the  mesh.  The  result  is  that  the  material  as  sized 
contains  cubes,  pieces  that  are  triangular,  round,  oblong,  rectan- 
gular, and  square,  having  thicknesses  that  are  very  small  compared 
with  their  other  dimensions,  and  an  infinite  gradation  of  sectional 
areas  between  each  of  these  typical  shapes  and  that  of  the  cube. 
The  specific  gravity  of  the  slate  and  rock  ranges  from  1.90  to  2.50, 
while  the  specific  gravity  of  the  coal  averages  about  1.50.  It  is 
a  very  easy  matter  for  any  one  to  demonstrate  by  a  few  simple 
calculations,  using  the  specific  gravities  of  the  coal  and  refuse 
just  given  and  applying  them  to  the  various  shapes  of  pieces 
given,  that  a  cube  of  pure  coal  will  tend  to  pass  out  of  the  jig  with 
the  refuse,  while  the  thin  flat  pieces  of  slate  of  the  lighter  specific 
gravity  are  sure  to  float  over  with  the  coal.  The  reason  for  this 
is  that  the  ratio  of  the  area  of  surface  of  the  cube  of  coal,  exposed 
to  the  impulses  of  the  water  in  the  jig,  to  its  weight,  is  greater 
than  the  ratio  between  the  area  of  surface  exposed  of  a  thin  light 
piece  of  slate  and  its  weight.  These  very  inefficiencies  are  expe- 
rienced wherever  this  class  of  variformed  material  is  treated  by 
the  jig.  The  inherent  conditions  make  the  failure  of  the  jig  a 
natural  consequence,  and  confirm  the  conclusion  from  tests  that 
no  jig  can  be  made  to  separate  efficiently  a  material  containing  a 
variety  of  forms,  particularly  cubical  pieces  of  coal  and  flat  pieces 
of  fight  slate.  Much  time  and  money  have  been  spent  in  a  fruit- 
less endeavor  to  meet  the  condition  by  introducing  some  new  and 
untried  form  of  jig,  with  the  same  ineflicient  results.  A  thor- 
ough grasp  of  the  technical  features  of  this  problem  would  at  once 
show  clearly  the  fimits  of  the  possibilities  of  coal  preparation  by 
this  process  alone. 
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The  attrition  in  the  jig  caused  by  its  rapid  pulsations  amounts 
to  a  serious  waste  of  coal,  ranging  from  2  per  cent  for  the  very  hard- 
est coal  to  21 J  per  cent  for  the  softest  anthracite,  or  at  the  present 
market  value  of  prepared  sizes  to  from  8  cents  per  ton  to  89  cents 
per  ton.  The  average  loss  sustained  is  estimated  to  be  between 
three  and  five  per  cent.  The  total  loss  per  year  by  chippings  alone 
on  coal  treated  by  the  jig  and  separating  machines  causing  impact 
in  the  anthracite  field  of  Pennsylvania  is  estimated  to  be  more 
than  three  million  dollars  ($3,000,000). 

Of  the  other  mechanical  devices  for  removing  impurities  from 
coal  there  are  three  that  are  extensively  used,  each  employing 
the  difference  in  the  angle  of  repose  between  slate  and  coal  as  the 
basic  principle  of  its  operation. 

The  first  is  so  constructed  that  a  broad  stream  of  material, 
about  5  feet  wide  and  spread  out  in  such  manner  that  the  pieces 
in  their  forward  movement  will  not  touch  each  other,  is  inter- 
mittently fed  upon  a  short  adjustable  incline  floor,  at  the  lower 
edge  of  which  is  a  narrow  section  of  slate  or  other  gritty  material. 
Immediately  below  the  section  of  slate  is  a  narrow  opening  of 
several  inches  and  beyond  this  is  a  continuation  of  the  inclined 
floor.  The  action  is  that  the  refuse  passing  over  the  slate  section 
of  the  floor  is  retarded  and  drops  through  the  narrow  opening, 
while  the  coal  because  of  its  less  angle  of  repose  continues  over  the 
slate  section  with  only  slightly  retarded  velocity  and  jumps  across 
the  narrow  opening  and  upon  the  continuation  of  the  inclined 
floor  below.  The  serious  objection  to  this  type  of  machine  is 
the  great  loss  due  to  the  chipping  of  coal  as  it.  impinges  against 
the  upper  edge  of  the  continued  floor  below  the  opening.  The  loss 
is  reported  to  be  greater  than  that  in  the  jig. 

The  second  consists  of  a  spiral  floor  descending  and  incHned 
inwardly  toward  its  vertical  axis.  It  depends  for  its  operation 
upon  the  inward  inclination  of  the  floor  toward  the  vertical  axis 
tending  to  draw  the  slate  in  its  retarded  movement  toward  the 
axis,  while  the  coal  in  its  accelerated  movement  doT\Ti  the  spiral 
incline  is  thrown  from  the  floor  by  centrifugal  force  and  is  caught 
in  a  specially  provided  runway  paralleling  the  spiral  floor  and 
spaced  a  little  distance  from  it.  This  separating  device  is  also 
very  destructive  to  the  coal  as  each  and  every  piece  as  it  leaves  the 
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spiral  floor  impinges  against  the  outside  of  the  runway.  In  quan- 
tity the  loss  is  reported  to  be  fully  equal  to  that  in  the  jig. 

The  third  device  consists  of  a  moving  floor  inclined  forwardly 
and  transversely.  The  motion  of  the  floor  is  upward  on  the  trans- 
verse inchnation.  Both  inchnations  are  adjustable.  The  ma- 
terial travels  across  the  floor  on  its  longitudinal  inclination.  The 
upwardly  moving  floor  removes  the  impurities  laterally  from  the 
forwardly  moving  stream.  The  coal  slides  upon  the  moving  floor 
and  across  it  without  any  impact.  The  loss  sustained  in  this 
separator  is  less  than  one-half  of  one  per  cent.  This  machine 
is  the  only  one  that  does  not  create  material  loss  by  attrition  or 
chipping. 

The  tendency  in  the  practice  of  today  is  to  use  as  extensively 
as  possible  the  machines  that  do  not  create  loss,  therewith  turning 
to  the  pocket  ready  for  market  from  60  to  80  per  cent  of  the  pure 
coal  coming  upon  the  machine,  and  without  appreciable  loss  from 
chippings.  This  operation  removes  all  of  the  cubical  coal  which 
gives  unsatisfactory  results  in  the  jig.  A  second  operation  sup- 
plements it,  retreating  the  tailings  of  the  first,  which  removes  the 
flat  slate  and  heavy  rock.  This  operation  is  again  supplemented 
by  a  third,  jigging,  which  removes  the  remaining  slate  in  the  bal- 
ance of  the  coal.  This  three-stage  process  has  the  advantages 
of  great  elasticity  and  controllability. 

The  most  important  of  all  features  in  the  entire  process  of 
anthracite  preparation  is  to  so  handle  the  coal  in  transportation, 
screening,  separation,  conveying  and  loading  as  to  retain  the  pieces 
of  coal  whether  coming  directly  from  the  mine  or  from  the  crush- 
ing-rolls in  their  initial  form  without  any  loss  in  weight  from  abra- 
sion or  chipping,  if  at  all  possible  to  do  so.  The  crushing-rolls 
must  be  of  the  type  that  will  yield  the  very  highest  percentage 
of  the  prepared  sizes,  for  in  these  sizes  the  values  lie.  These  sizos 
are  egg,  through  3  1-4  and  over  2  5-16  inch  round  mesh;  stove, 
through  2  5-16  and  over  1  5-8  inch  mesh;  and  chestnut,  through 
1  5-8  and  over  15-16  inch  mesh. 

The  foregoing  reference  to  the  losses  sustained  in  the  process 
of  jigging  and  in  certain  types  of  the  frictional  machines  accent- 
uates the  importance  of  this  feature  of  the  process. 

Great  attention  should  ,be^^  given  to  the  avoidance  of  breakage 
in  the  transportation  of  the  coal  from  one  stage  of  the  process  of 
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preparation  to  the  next  and  finally  its  delivery  into  the  deep 
pockets  holding  as  much  as  100  to  200  tons  for  each  size.  One 
of  the  most  efficient  means  of  doing  this  is  by  the  spiral-chute  first 
introduced  in  1896  in  a  breaker  near  Hazleton,  Pa.,  by  the  writer. 
Another  efficient  device  is  the  waterfall-chute"  first  introduced 
in  1910  in  the  Lehigh  Valley  Coal  Co.'s  breakers,  by  Paul  Sterling, 
Mechanical  Engineer  for  that  Company.  It  consists  of  a  series  of 
comparatively  narrow  floors  in  two  vertical  tiers,  inclined  toward 
each  other  and  overlapping.  Different  dimensions  are  required 
for  each  size  of  coal.  In  its  operation  the  coal  flows  from  one 
floor  upon  the  next  floor  below  in  the  opposite  tier,  and  so  on,  mak- 
ing the  descent  without  material  breakage.  Either  of  these  devices 
will  deliver  the  coal  to  any  vertical  depth  desired. 

In  like  malnner  great  savings  can  be  effected  with  the  exercise 
of  due  care  in  the  design  and  construction  of  the  loading  devices. 
To  illustrate  the  possible  loss  at  this  point  in  the  process,  it  has 
been  found  by  test  that  prepared  sizes  dropping  10  feet  will  de- 
preciate 4%  in  fine  chippings. 

The  preparation  of  bituminous  and  lignite  coals  must  in  a  gen- 
eral way  follow  the  same  plan  as  that  developed  in  the  preparation 
of  anthracite.  This  is  manifestly  so  because  the  general  forma- 
tion of  the  beds  and  association  of  the  impurities  is  the  same. 
But  because  of  the  friability  and  soft  nature  of  these  coals  the  pro- 
cess has  been  modified  to  suit  this  inherent  pecuUarity.  A  close 
examination  of  the  surface  of  the  sized  pieces  of  bituminous  coal 
shows  that  the  interlaminated  bands  of  slate,  although  they  may 
be  as  thin  as  india  paper,  protrude  beyond  the  bands  of  coal,  the 
coal  having  been  worn  or  frayed  away  in  the  action  of  loading, 
dumping  and  screening.  It  is  also  observed  that  the  very  purest 
of  pieces  of  bituminous  coal  have  a  greater  angle  of  repose  than 
even  the  least  pure  pieces  of  anthracite,  showing  that  the  slates 
are  more  silicious.  It  is  plain  therefore  that  the  jig,  because  of 
the  friability  of  the  coal,  would  not  succeed  within  economic 
limits.  On  the  other  hand  because  of  the  projection  of  the  sili- 
cious interlaminated  bands  of  slate  beyond  the  surface  of  the  coal 
the  frictional  machines  have  only  a  very  limited  range  of  efficiency. 
Any  type  of  machine  that  produces  impact  will  create  serious  dis- 
integration and  loss.    Crushing  the  coal  to  half -inch  mesh,  and 
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under,  and  treating  it  in  a  washer  has  proved  very  unsatisfactory 
and  wasteful  of  the  finest  particles  of  coal,  which  have  an  equal 
value  with  the  coarser  particles  in  making  coke,  or  for  steam  pur- 
poses and  gas  producing.  Many  ingenious  schemes  have  been 
brought  out  to  accomplish  the  coveted  end.  One  scheme  has 
recently  been  brought  forward  whereby  the  coal  is  treated  entirely 
in  the  dry  state,  without  the  use  of  any  water,  and  which  recovers, 
it  is  claimed,  about  98%  of  the  values  of  the  coal. 

The  market  value  of  any  coal  depends  primarily  upon  the  num- 
ber of  heat  units  per  pound.  In  the  anthracite  field  the  standards 
of  purity  are  expressed  in  percentages  of  slate  in  the  coal,  this  being 
a  convenient  and  reasonably  accurate  way  of  expressing  the  purity 
of  the  coal.  It  is  made  possible  to  express  it  in  this  way  because 
of  the  hardness  of  the  coal  and  the  sized  condition  of  the  prepared 
product.  In  the  bituminous  field,  because  of  the  presence  of  so 
much  fine  material  in  the  product,  the  chemical  analysis  deter- 
mining the  heat  units  and  percentage  of  ash,  sulphur,  etc.,  must 
form  the  basis  from  which  the  value  of  the  coal  is  determined. 

In  designing  a  preparation  plant  the  recognized  scientific  prin- 
ciples underlying  all  of  the  methods  of  preparation  together  with 
the  individual  peculiarities  of  the  coal  to  be  treated  should  un- 
questionably form  the  basis  for  formulating  the  scheme.  If  these 
principles  are  consistently  adhered  to  a  better  preparation  and 
more  economic  results  will  be  obtained  than  can  be  obtained  from 
trying  to  correct  some  inherent  defects  in  the  old  methods,  or  to 
modify  them  beyond  their  fixed  limits  of  efficiency. 


INVESTIGATIONS  RELATIVE  TO  THE  BETTER 
UTILIZATION  OF  NON-COKING  LOW- 
GRADE  LIGNITIC  COALS 

By  E.  J.  Babcock 
University  of  North  Dakota,  Grand  Forks,  N.  D. 

In  the  western  portion  of  the  United  States  there  are  extensive 
deposits  of  low-grade  coals,  largely  in  the  form  of  sub-bituminous, 
non-coking  and  lignite  coals.  It  is  well,  therefore,  that  our  atten- 
tion be  called  to  the  benefits  to  be  derived  from  the  proper  utiliza- 
tion of  our  great  western  lignite  deposits. 

The  extent  and  economic  importance  of  these  deposits  is  sel- 
dom recognized.  In  speaking  of  this  kind  of  coal  I  may  say  that 
my  own  State,  North  Dakota,  is  one  of  the  largest  coal  States 
of  the  Union,  for  it  is  estimated  that  this  State  alone  has  a  coal 
area  of  over  32,000  square  miles,  capable  of  producing  400  or  500 
billion  tons. 

When  we  stop  to  consider  what  these  figures  mean  as  to  the 
immensity  of  these  deposits  in  the  West,  it  is  not  strange  that  our 
people  ask  why  we  are  not  deriving  larger  benefits  from  this  great 
resource. 

To  the  people  of  the  West  the  economic  utilization  of  our  lignite, 
in  whatever  form  it  may  be,  is  a  matter  of  very  great  importance, 
and  any  new  fields  which  promise  to  open  up  for  the  use  of  these 
lignite  coals  are  well  worth  careful  consideration. 

For  this  reason  there  has  been  begun  at  the  College  of  Mining 
Engineering  of  the  University  of  North  Dakota  and  Mining  Sub- 
Station  some  extended  work  on  the  practical  tests  of  a  variety 
of  methods  of  manufacturing  briquets  and  producing  gas  from 
lignite,  with  a  view  to  showing  the  utility  and  economy  of  these 
products  for  heating,  for  power  and  for  lighting  purposes.  In 
addition  to  this  considerable  work  has  already  been  done  with 
reference  to  other  improved  methods  of  burning  and  utilizing 
lignite  coal. 

The  brief  statements  to  which  I  must  here  confine  myself  will 
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serve  only  as  a  summary  of  the  work  which  has  been  done,  the 
results  thus  far  secured,  and  the  promises  which  these  results 
hold  out  for  future  development  of  our  lignite  fields.  But  what 
has  been  accomplished  in  our  experimental  work  at  the  North 
Dakota  School  of  Mines  and  Sub-Station  leads  me,  to  believe 
that  great  improvements  can  be  made  in  methods  of  burning 
and  utilizing  lignite  coal  and  that  the  manufacture  of  gas  and 
high-grade  fuel  briquets  can  soon  be  put  on  a  successful  commercial 
basis. 

This  will  not  only  make  our  lignite  coal  much  more  serviceable 
and  more  generally  used  and  of  high  enough  value  to  be  shipped 
for  considerable  distances,  but  it  will  also  save  an  immense  amount 
of  slack  coal  which  would  otherwise  be  wasted,  and  which  is 
estimated  at  from  one-tenth  to  one-sixth  of  all  the  lignite  mined. 

In  order  to  understand  better  why  our  lignite  deposits  have 
not  been  developed  more  rapidly,  and  to  see  what  changes  are 
needed  in  Hgnite  to  increase  its  value  and  usefulness,  we  may 
consider  for  a  moment  certain  characteristics  of  lignite  coal. 

From  the  many  hundreds  of  analyses  of  lignite  coal  made  in 
our  laboratories,  the  average  composition  of  the  dried  coal  would 
be  about  as  follows: 


Moisture  from  coal  fresh  from  the  mine  runs  from  25  to  35  per 
cent. 

In  a  general  way,  it  may  be  said  that  the  heating  power  of  one 
ton  of  lignite  of  the  quality  mined  in  North  Dakota  when  dry  will 
equal  about  65  per  cent  of  a  ton  (1300  lbs.)  of  bituminous  coal. 

In  appearance  this  coal  is  between  a  cannel  coal  and  the  brown 
lignite  of  Germany.  It  breaks  up  very  easily  when  exposed  to 
the  air.  This  is  no  doubt  due  in  large  part  to  the  rapid  evaporation 
of  water,  there  being  usually  from  25  to  35  per  cent  of  moisture 
in  the  hgnite  as  taken  from  the  mines.  The  larger  portion  of  this 
moisture  escapes  rapidly  and  causes,  thereby,  checking  and  split- 
ting of  the  lumps  into  lignite  slack.    This  is  one  of  the  greatest 


Dried  coal 


Approximate  average 


Fixed  carbon 
Volatile  matter 
Ash 


52  per  cent 
40  per  cent 
8  per  cent 
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difficulties  to  be  overcome  in  the  commercial  handling  and  utiliz- 
ing of  lignite. 

In  shipping  coal  containing  so  much  moisture  there  is  a  heavy 
loss  in  freight  and  a  corresponding  reduction  in  the  efficiency  of 
the  fuel.  It  is,  therefore,  important  that  the  moisture  be  removed 
before  shipment.  But  when  this  is  done  the  fact  that  the  coal 
still  tends  to  become  slack  on  burning  presents  another  difficult 
problem.  As  a  result,  the  utilization  of  hgnite  has  been  confined 
to  comparatively  narrow  regions  near  the  deposits.  It  would 
be  an  enormous  stimulas  to  the  utilization  of  lignite  could  it  be 
satisfactorily  and  economically  converted  or  concentrated  into 
fuel  free  from  moisture  and  of  a  size  adapted  to  general  commercial 
uses.  These  facts  have  directed  our  attention  to  the  importance 
of  some  economical  means  of  briquetting  lignite. 

At  the  present  time,  lignite  coal  is  chiefly  used  in  lumps  in 
heating  and  cooking  stoves  and  in  engines  for  power.  It  is  gener- 
ally used  in  the  most  simple  manner  and  very  few  special  methods 
have  been  adopted  for  burning  or  utilizing  this  coal  or  for  pre- 
paring it  for  the  market.  But  there  can  be  little  doubt  that  for 
general  stove  and  furnace  use  briquetted  lignite  would  prove  a 
most  economic  and  profitable  fuel.  Lignite,  however,  has  pre- 
sented more  serious  difficulties  to  the  process  of  briquetting  than 
has  bituminous  coal.  For  this  and  other  reasons  the  commercial 
briquetting  of  hgnite  has  not,  up  to  this  time,  been  made  a  success 
in  this  country.  I  believe  that  a  successful  and  sufficiently  in- 
expensive method  for  the  commercial  briquetting  of  lignite  is 
now  being  developed  at  the  School  of  Mines  and  the  Mining  Sub- 
Station  of  North  Dakota.  The  process  which  we  are  now  working 
out  is  made  commercially  possible  and  profitable  by  operating  the 
briquetting  in  conjunction  with  a  gas-producing  plant  in  which 
a  variety  of  by-products  are  saved  and  utilized,  and  by  which 
process  the  residue  after  the  gas  has  been  driven  off  can  be  success- 
fully briquetted,  thus  concentrating  and  converting  at  once  at 
the  mine  a  low-grade  lignite  coal  into  a  high-grade  valuable  fuel. 

A  large  amount  of  work  has  been  done  by  the  speaker  on  the 
problem  of  briquetting  lignite,  its  use  in  the  production  of  gas 
and  other  means  of  its  utilization.  During  the  progress  of  this 
work,  it  has  become  clearly  evident,  by  repeated  experiments, 
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that  lignite  coal  contains  two  very  widely  different  fuel  constit- 
uents, namely,  first,  a  large  proportion  of  light  gases,  which  pass 
off  at  a  comparatively  low  temperature  leaving,  second,  a  residue, 
in  character  between  coke  and  charcoal,  which  requires  a  very 
much  higher  heat  for  combustion  and  burns  more  slowly.  This 
residue  does  not  coke  but  remains  as  powder  or  slack  which  checks 
the  draft  and  is  slow  in  oxidation.  The  gases,  however,  are  very 
light  and  are  easily  driven  off  from  the  coal  at  a  comparatively 
low  temperature.  As  a  result,  they  are  distilled  off  quickly,  in 
the  ordinary  methods  of  burning,  and  are  either  burned  with  a 
flashy  flame  or  frequently  lost,  in  a  high  degree  unconsumed, 
with  the  flue  gases.  Thus  there  is  a  very  uneven  combustion  of 
lignite  coal,  and  it  is  impossible  with  the  ordinary  type  of  furnace 
and  fire  box  to  secure  a  high  degree  of  efficiency  in  its  consumption. 
Following  out  the  investigation  suggested  by  these  observations, 
the  speaker  has  been  led  to  inaugurate  a  systematic  research  on 
the  production  of  gas  from  lignite  coal  and  the  utilization  of  the 
by-products.  The  first  work  along  this  line  was  of  a  preliminary 
nature  and  was  carried  on  in  a  small  way  with  laboratory  apparatus 
in  testing  out  a  large  number  of  both  lignite  and  ordinary  gas 
coals  for  the  purpose  of  obtaining  a  general  idea  of  the  comparative 
quality  and  character  of  the  gas,  tar  and  residue,  of  the  temperature 
required  for  most  eflScient  work  with  the  various  coals  and  an 
estimate  of  the  amount  of  ordinary  by-products  obtained  from 
each  coal  under  the  condition  employed. 

One  of  the  first  problems  to  be  studied  was  as  to  the  uniformity 
of  lignite  relative  to  the  gas  contents,  the  character  of  the  coke 
residue,  the  amount  of  moisture  present,  the  tar,  ammonia,  and 
other  by-products.  To  cover  these  points  a  large  number  of  lignite 
coals  were  collected  from  different  areas  and  these  were  subjected 
to  a  great  variety  of  preliminary  tests.  The  results  proved  con- 
clusively that  the  gas  from  the  Hgnites  of  different  deposits  is 
very  similar,  that  it  may  be  removed  at  nearly  the  same  tempera- 
ture and  that  it  leaves  a  residue  and  by-products  of  a  general 
similarity  although  the  quantity  of  each  varies  considerably. 
The  main  products  and  by-products  thus  obtained  were  compared 
with  those  obtained  from  ordinary  gas  coals  tested  by  the  same 
processes.    This  preliminary  work  was  so  suggestive  as  to  the 
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possibility  of  the  profitable  production  of  lignite  gas  and  briquets 
that  the  state  made  a  special  appropriation  for  establishing  and 
operating  a  School  of  Mines  Sub-Station  in  the  heart  of  the  lignite 
area. 

These  plants  which  have  been  designed  and  operated  under 
my  direction  are  of  special  construction,  but  are  built  upon  well- 
known  principles  and,  as  far  as  possible,  utilize  standard  machinery. 
Here  both  the  briquetting  and  gas  problems  are  being  worked  out 
on  a  scale  so  large  as  to  ensure  commercial  results.  The  briquett- 
ing plant  is  capable  of  turning  out  ten  tons  of  briquets  per  day, 
while  the  gas  plant  is  a  full  size  unit  complete  and  of  the  standard 
type  of  construction,  and  consists  of  a  bench  of  one  retort,  one 
condenser,  one  exhauster,  two  scrubbers,  one  purifier,  one  meter, 
all  of  the  full  size  used  in  commercial  plants,  one  gas  holder,  and 
miscellaneous  apparatus  necessary  for  the  proper  operation  of 
the  plant,  such  as  meters,  pressure  gauges,  recording  thermometers, 
pyrometers,  etc. 

In  the  operation  of  the  gas  or  carbonizing  side  of  this  plant, 
every  step  is  carefully  watched  and  made  to  approach  as  nearly 
as  possible  for  a  small  plant  the  methods  which  might  ordinarily 
be  expected  to  be  required  for  economic  production.  The  experi- 
mental plant  has  given  excellent  results  and  indicates  much 
wider  possibilities  as  to  the  amount  and  quality  of  gas  from  lignite 
coal  than  was  expected.  There  is  generally  used  for  each  charge 
of  the  retort  300  to  400  pounds  of  air-dried  coal,  the  moisture 
content  of  which  is  definitely  known.  The  coal  is  crushed  to  an 
average  size  which  would  about  pass  through  ,  a  two-inch  ring. 
A  series  of  experiments  have  been  conducted  to  determine  the 
temperature  giving  the  largest  quantity  and  the  best  quality  of 
gas.  It  is  found  that  the  gas  distills  freely  at  900  to  1000  degrees 
F.,  while  the  proper  temperatures  to  give  the  maximum  quantity 
and  quality  of  gas  seems  to  be  between  1200  and  1500  degrees  F. 
High  temperature  readings  are  made  by  the  pyrometer  along  with 
simultaneous  records  of  the  rate  of  gas  production.  At  frequent 
intervals  gas  samples  are  obtained  for  analyses.  The  desired  heat 
is  carefully  maintained  until  the  evolution  of  gas  has  ceased, 
after  which  the  valves  are  closed,  the  non-coking  residue  drawn, 
cooled  down,  and  carefully  weighed.    The  gas  is  passed  succes- 


46 


Original  Communications:  Eighth  International  [vol. 


sively  through  the  tar  extractor,  the  condenser,  the  scrubber,  the 
purifier,  and  finally  to  the  gas  holder,  where  the  quantity  is  accur- 
ately read  off  from  the  holder  after  having  been  carefully  corrected 
to  normal  temperature  and  barometric  pressure. 

After  the  gas  is  measured,  analyzed  and  tested  by  the  calori- 
meter to  determine  its  heat  value,  it  is  used  with  different  types 
of  burners  and  in  various  practical  ways  to  demonstrate  its  efi&- 
ciency  as  a  fuel  gas.  In  the  case  of  the  by-products  the  tar  is 
separated  from  the  water  and  weighed  and  the  ammonia  separated 
and  determined.  The  resulting  proportion  of  non-coking  retort 
residue  remaining  is  also  determined  and  an  analysis  made  indi- 
cating the  fixed  carbon,  volatile  matter  and  ash.  From  this  data 
the  composition  of  the  residue  can  be  compared  with  that  of  the 
original  lignite  and  also  with  that  of  bituminous  and  anthracite 
coal. 

The  following  is  a  summary  of  yields  of  gas,  residue  and  by- 
products and  will  represent  a  fair  average  from  a  larger  number 
of  determinations: 

LIGNITE  GAS  ANALYSIS 

(Considered  average  standard  results  of  unpurified  gas.) 

lUumi-  Carbon  Hydro-  Nitro-  Carbon 

nants  Monoxide    gen      Ethane  Menthane     gen    Oxygen  Dioxide 

3.11     17.24     45.16     0.14     15.59°     5.49     1.76  11.51 

GAS    YIELDS    AND    HEATING  VALUES 

Retort  residue  per  ton  of  dry  lignite,  1208  lbs. 

Purified  from  Carbon 
Unpurified  Dioxide  and  Air 

Yield  cu.  ft.  Calorific 
Calorific        Value  in  B.  T.  U.       Yield  cu.  ft.      Value  B.  T.  U. 

10,663  400.07  8,523  500. 

Tar  per  ton  of  dry  lignite,  20  to  30  lbs. 

Ammonium  sulphite  per  ton  dry  Hgnite,  14.5  to  15  lbs. 

The  gas  made  from  the  lignite  has  not  only  been  subjected 
to  a  great  number  of  chemical  and  calorific  tests,  but  has  also 
been  put  to  a  variety  of  practical  tests.  It  has  been  burned  in  the 
ordinary  manner  for  lighting  purposes,  and  gives  a  most  satis- 
factory and  briUiant  light  with  the  ordinary  mantle  burner.  It 
produces  a  clear  smokeless  flame  and  is  easily  regulated. 
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If  the  gas  were  purified  to  correspond  with  the  treatment  given 
the  ordinary  coal  gas,  the  composition  and  heating  value  would 
be  considerably  modified.  The  heat  units  developed  would  prob- 
ably be  increased  to  between  450  and  500  B.T.U.  as  compared 
with  standard  gas  of  600  B.T.U. 

By  this  purification  and  complete  removal  of  air  a  value  of 
500  B.T.U.  could  be  obtained,  but  as  already  stated,  the  character 
of  the  gas  and  the  freedom  from  objectionable  impurities  make 
unnecessary  the  additional  expense  of  purification  usually  required 
of  coal  gas.  The  gas  is  dry  and  free  from  tar  and  other  matters 
which  would  cause  condensation  or  clogging.  This  is  a  material 
aid  in  the  practical  distribution  and  use  of  gas,  especially  in  cold 
climates.  The  most  severe  and  continued  tests  have  been  given 
to  determine  the  condensation  produced  in  carrying  the  gas  in 
slightly  protected  or  unprotected  pipes  during  the  cold  weather. 
In  this  case  no  trouble  was  experienced  from  condensation. 

The  gas  was  used  successfully  not  only  for  lighting  but  it  gave 
perfect  satisfaction  and  exceptionally  high  efficiency  for  power 
in  gas  engines.  It  is  almost  certain  that  this  gas  will  produce  a 
very  cheap  power  for  general  purposes  and  for  the  production  of 
electricity. 

It  is  expected  that  much  more  extended  tests  along  these  lines 
for  the  utilization  of  this  gas  for  power  and  the  production  of 
electricity  will  be  carried  on  during  the  coming  year.  There  is 
little  doubt  that  the  use  of  lignite  gas  for  power  purposes  can  be 
successfully  employed  and  power  produced  at  so  low  a  figure  as 
to  exert  a  marked  influence  in  the  development  of  a  variety  of 
industries  dependent  upon  cheap  and  abundant  power  thus  avail- 
able in  the  West. 

The  lignite  tar  is  not  adapted  in  itself,  and  without  modification, 
to  briquetting  purposes.  We  have  succeeded  in  using  it  very 
satisfactorily  in  small  quantities  by  special  methods  of  treatment 
which  the  investigations  thus  far  carried  on  indicate  as  a  possible 
method  of  utilization  on  a  commercial  basis.  But  this  tar  has  a 
higher  value  as  wood  filler  and  for  other  purposes. 

Lignite  does  not  coke  but  remains  in  small  shrunken  fragments. 
This  residue  is  high  in  fixed  carbon  and  in  excellent  condition  for 
briquetting. 
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We  have  carried  on  a  large  amount  of  experimental  work  in 
various  methods  of  retorting  and  carbonizing  lignite  coal  and 
have  found  that  it  carbonizes  easily  and  gives  very  satisfactory 
results  as  to  yield  and  quality  in  horizontal  or  vertical  retorts, 
in  special  carbonizing  ovens  we  have  designed  and  in  modified 
bee-hive  ovens,  in  the  lattter  case,  however,  the  yield  is  less  and 
the  gas  is  lost,  thus  reducing  the  profit. 

The  principles  underlying  the  process  of  hgnite  briquetting 
which  we  have  worked  out  at  the  University  of  North  Dakota 
and  the  Mining  Sub-Station  depend  upon  the  concentration  of 
the  raw  lignite  into  a  fuel  of  relatively  high  heating  value  and  this 
concentration  depends  upon,  first,  the  removal  of  the  moisture; 
second,  the  expulsion  and  saving  of  the  volatile  gas;  and  third, 
the  binding  together  of  the  concentrated  residue  into  a  strong, 
durable  and  satisfactory  briquetted  product. 

After  the  coal  has  been  sufficiently  dried  it  is  conveyed  to  the 
retort  and  the  gas  driven  off  as  already  explained.  This  process 
is  usually  completed  in  about  four  hours.  At  the  end  of  this 
time  the  retort  is  discharged  and  the  remaining  coal  residue 
quenched  and  crushed  ready  for  the  mixing  with  the  binder.  The 
coal  and  the  binder  are  then  warmed  to  the  proper  temperature 
and  conveyed  to  the  steam  jacketed  mixer  where  a  very  thorough 
blending  of  coal  residue  and  binder  takes  place. 

At  this  stage  lack  of  uniformity  and  proper  mixing  produces  a 
briquet  which  is  uneven  and  of  inferior  quality.  The  temperature 
and  the  proportions  of  material  must  also  be  carefully  watched. 
This  is  one  of  the  most  particular  phases  of  the  briquetting  process. 
When  the  mixing  has  been  carried  on  for  a  sufficient  length  of 
time  the  material  is  discharged  and  conveyed  directly  to  the 
briquet  machine. 

Besides  the  conditions  which  have  already  been  mentioned 
there  are  numerous  details  of  mixing,  tempering,  etc.,  which  can 
be  properly  understood  and  controlled  only  by  experience.  Con- 
ditions vary  greatly  with  the  kind  and  character  of  the  binding 
material  used. 

The  press  used  at  the  experimental  plant  is  of  the  rotary  type 
and  is  capable  of  producing  10-20  tons  of  2j  oz.  briquets  per  day. 
It  was  built  to  order,  especially  for  our  Mining  Sub-Station. 
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The  briquets  are  discharged  to  a  belt  conveyor  by  which  they 
are  carried  to  the  storage  bins  and  the  briquetting  process  thus 
completed. 

Briquetted  fuels  have  been  extensively  used  in  Germany  and 
other  parts  of  Europe  where  a  variety  of  methods  of  manufacturing 
have  been  employed  with  varying  degrees  of  success.  With  cer- 
tain European  coals  briquet  blocks  have  been  produced  without 
a  binder,  while  in  other  cases  lime,  sugar  wastes,  starch,  pitch 
and  other  binding  materials  have  been  employed.  Numerous 
attempts  have  been  made  in  this  country  to  briquet  coal  without 
a  binder  by  merely  excessive  pressure  but  this  has  proved  unsatis- 
factory. By  such  a  process  the  expense  for  power  and  operation 
nearly  equals  the  additional  cost  of  the  binder.  If  raw  lignite 
is  briquetted  under  sufficient  pressure  to  stand  handling  and 
weather  action,  it  will  still  fail  when  fired  under  trying  conditions, 
for  when  the  briquet  becomes  red  hot  the  gas  expands  and  disin- 
tegrates the  briquet  to  a  greater  or  less  degree.  For  these  and  other 
reasons  no  satisfactory  briquets  of  American  lignites  have  been 
produced  on  a  commercial  scale  without  a  binder  and  even  with 
a  binder  the  raw  lignite  briquet  is  nowhere  near  as  satisfactory 
a  product  to  fire  as  the  concentrated  residue  briquet. 

Many  hundreds  of  tests  have  been  run  by  us  with  different 
proportions  and  under  varying  conditions,  but  up  to  the  present 
time  our  best  results  have  been  secured  in  the  use  of  a  small  amount 
of  p:t3h  as  a  binder  base  mixed  with  a  small  per  cent  of  other 
materials,  such  as  flour,  etc. 

Attention  has  already  been  called  to  the  use  of  the  gas  in  con- 
nection with  the  briquetting  and  to  the  revenue  which  may  be 
derived  for  the  plant  by  a  combination  of  gas  and  briquetting 
plants,  but  in  addition  to  this,  as  already  has  been  pointed  out, 
there  is  a  considerable  amount  of  ammonium  sulphate  formed 
(nearly  15  lbs.  per  ton  of  dry  Ugnite)  and  tar,  both  of  which  have 
a  ready  market.  Thus  we  see  that  by  saving  the  various  by- 
products and  applying  the  revenue  derived  from  them  to  the 
manufacture  of  the  briquets  the  cost  may  be  very  materially 
reduced.  In  a  large  commercial  plant  the  saving  of  a  few  cents 
per  ton  will  be  sufficient  to  net  a  good  profit. 

The  briquets  which  we  are  now  able  to  run  out  regularly  and 


50  Original  Communications:  Eighth  International  [vol. 


in  considerable  quantities  are  first  class  in  every  respect.  They  are 
strong,  hard,  durable  and  will  stand  weathering  excellently  and 
burn  with  entire  satisfaction  in  most  any  type  of  stove  or  furnace. 
They  have  been  tested  in  a  very  great  variety  of  ways  and  have 
always  made  the  best  showing. 

The  chief  advantages  to  be  gained  in  the  briquetting  of  lignite 
are  the  large  gain  in  heat  value,  the  prevention  of  slack  so  charac- 
teristic of  this  coal,  the  holding  together  of  the  mass  during  com- 
bustion, the  prevention  of  matting  in  the  firebox,  free  burning, 
uniformity  in  size,  cleanliness  in  handling,  and  decrease  in  the 
loss,  caused  by  the  dusting.  In  addition  to  these  points  briquets 
can  be  used  to  better  advantage  in  a  variety  of  stoves,  and  may 
be  kept  under  more  perfect  control  than  the  ordinary  form  of 
lignite.  But  the  greatest  advantages  are  the  increased  heating 
power  and  the  fact  that  the  lignite  is  put  into  a  satisfactory  form 
which  will  stand  weathering,  handling  and  burning  without 
disintegration. 

There  is  comparatively  little  loss  through  the  grate  bars,  the 
briquets  burn  to  a  perfect  ash  in  which  practically  all  of  the  fuel 
has  been  consumed. 

The  calorific  determinations  which  are  constantly  made  show 
about  the  following  averages: 


It  will  be  seen  that  lignite  briquets  have  raised  the  heating 
power  of  the  lignite  about  70  per  cent  and  give  a  calorimeter  value 
of  approximately  twelve-thirteenths  the  heating  value  of  anthra- 
cite coal.  The  chemical  analysis  of  the  briquets  as  compared  with 
a  raw  coal  is  shown  by  the  following  table: 


Lignite  as  mined     35.01%      25.11%      34.67%  5.21% 
Lignite  briquets      0  to  6%     2  to  8%     75  to  85%  10  to  14% 

A  great  variety  of  heating  and  evaporative  tests  of  a  very  severe 
and  practical  character  have  been  made  which  indicate  that  the 


Lignite  as  mined 
Lignite  briquets 
Anthracite  coal 


7,500  B.T.U. 
11,500  to  12,000 
12,000  to  13,000 
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lignite  briquets  thus  prepared  are  fully  equal  in  heating  and 
evaporative  tests  to  the  higher  grade  coals. 

One  and  one-half  tons  of  lignite  will  produce  about  a  ton  of  these 
briquets  in  addition  to  12,000  or  more  cubic  feet  of  gas.  The 
briquets  have  about  twelve-thirteenths  the  actual  heating  value 
of  average  anthracite  and  can  be  made  at  a  sufficiently  low  cost 
to  put  the  industry  on  a  commercially  satisfactory  basis  in  at 
least  some  of  our  Western  States. 

Considering  the  ease  with  which  the  gas  is  produced,  the  low 
price  of  the  original  lignite  and  the  value  of  the  residue,  this  gas 
should  have  a  large  commercial  value  for  heating,  lighting,  and 
power  purposes,  because  of  the  low  price  for  which  it  could  be 
sold  if  manufactured  in  a  plant  used  to  produce  briquets  from  the 
residue. 

No  detailed  statements  of  the  cost  of  operating  a  large  commer- 
cial plant  are  given  in  this  paper,  for  the  reason  that  the  cost  per 
ton  of  briquets  and  per  thousand  feet  of  gas  and  other  by-products 
will  depend  upon  a  large  number  of  factors,  any  one  of  which  may 
materially  affect  the  cost. 

In  addition  to  this,  the  plant  could  be  operated  under  many 
modifications  of  the  general  process  which  has  been  explained;  for 
example,  all  or  a  part  of  the  gas  might  be  sold  for  heating  or  light- 
ing purposes  or  converted  into  electricity.  The  extraction  and 
production  of  gas  might  be  carried  further  in  one  plant  than  in 
another,  or  the  by-products  such  as  tar,  ammonia,  etc.,  could  be 
recovered  and  marketed,  used  in  part,  or  entirely  neglected.  All 
of  these  conditions  would  materially  modify  the  cost  of  production. 

From  the  results  obtained  by  the  methods  being  worked  out  at 
the  School  of  Mines  and  Sub-Station  of  the  University  of  North 
Dakota,  there  seems  little  doubt  but  that  the  briquetting  and  the 
production  of  gas  from  lignite  will  in  the  near  future  be  put  on  a 
commercially  satisfactory  basis,  at  least  in  the  State  of  North 
Dakota.  This  will  prove  of  great  value  to  those  communities 
nearest  the  great  lignite  deposits  in  the  West.  In  some  of  these 
the  wastes  can  be  converted  into  electricity  which  in  turn  could 
be  sent  to  surrounding  towns  and  villages,  thus  distributing  power 
and  light  from  numerous  central  power  plants.  Such  an  arrange- 
ment will  not  only  be  a  great  saving  of  our  fuel  resources  but  will 
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also  result  in  establishing  many  industries  which  can  be  developed 
by  abundant  and  cheap  electric  power. 

In  addition  to  this  will  be  the  production  of  briquets  of  high 
fuel  value  and  so  uniform  and  desirable  that  the  product  can  find 
a  ready  market.  The  best  utilization  of  our  vast  deposits  of  low- 
grade  Ugnite  coals  is  a  problem  of  very  great  importance  to  many 
of  our  Western  States,  one  which  will  mean,  in  the  aggregate,  the 
saving  of  large  sums  of  money  and  aid  the  introduction  and  develop- 
ment of  a  variety  of  manufacturing,  industries,  while  at  the  same 
time  it  will  illustrate  the  value  of  scientific  and  technical  work 
in  the  economic  and  industrial  development  of  a  community, 
a  state  or  a  nation. 


THE  BEEHIVE  COKE  OVEN  INDUSTRY  OF  THE 
UNITED  STATES 

By  a.  W.  Belden^ 
Bureau  of  Mines  Experiment  Station,  Pittsburgh,  Pa. 

The  manufacture  of  coke  in  the  United  States  according  to 
authenticated  reports  was  begun  about  1817.  From  this  date  on, 
mention  is  made  from  time  to  time  of  the  use  of  coke  for  metal- 
lurgical purposes,  but  the  coke  was  made  on  the  ground  in  pits 
or  mounds  and  no  record  of  any  coke  made  in  ovens  can  be  found 
until  the  year  of  1841  when  two  carpenters  and  a  stone  mason 
formed  a  partnership  for  the  building  of  two  ovens  and  the  manu- 
facture and  sale  of  coke.  This  plant  was  built  in  the  famous  Con- 
nellsville  region,  and  although  the  business  venture  was  unsuccess- 
ful the  coke  proved  useful  for  foundry  purposes.  This  venture, 
together  with  experiments  carried  on  during  the  next  ten  or  fifteen 
years,  fully  demonstrated  the  value  of  this  fuel,  and  production 
increased  by  leaps  and  bounds  into  the  vast  beehive  coke  oven  in- 
dustry which  completely  dominated  the  field  until  1893,  when  the 
first  coke  oven  plant  for  the  recovery  of  by-products  was  intro- 
duced into  this  country. 

The  evolution  of  the  modern  beehive  oven  started  as  shown 
above  and  the  process  of  coking  in  this  type  of  oven  has  not  ma- 
terially changed,  the  modern  increased  efficiency  being  due  in 
great  measure  to  improvements  in  the  ovens  and  the  preparation 
of  the  coal  before  charging  into  the  ovens. 

BEHIVE  OVENS 

The  beehive  oven  in  its  essential  details  may  be  described  as  a 
circular  vaulted  fire-brick  chamber  constructed  on  a  suitable 
foundation,  with  flat  tile  bottom,  an  opening  in  the  top  through 
which  the  coal  is  charged  and  the  products  of  combustion  escape, 
and  an  arched  door  at  the  bottom  about  three  feet  high,  through 
which  the  air  for  combustion  is  admitted  and  the  coke  watered 
and  drawn.    The  many  variations  and  improvements  since  the 
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ten-foot-diameter  oven  of  the  carpenters  and  stone  mason  of  1841 
have  led  to  the  present  standard  beehive  oven  as  shown  in  section 
figure  1.  The  size  of  the  door  and  the  trunnel-head,  height  of 
dome  and  diameter  of  oven  vary  in  different  locaHties,  but  the 
essential  features  are  the  same.  The  ovens  are  built  in  single 
rows  called  bank  ovens  or  in  double  rows  back  to  back  or  stag- 
gered. The  coal,  the  amount  of  which  is  previously  determined 
as  the  oven  is  to  be  burned  48,  72  or  96  hours,  is  charged  into  the 
oven  from  a  larry  car  operated  on  a  track  above  the  ovens.  The 
coal  in  falling  into  the  oven  forms  a  conical  pile  and  is  leveled  by 
means  of  a  scraper  operated  by  hand.  The  door  is  bricked  up  to 
within  two  or  three  inches  of  the  top  and  the  oven  left  until  the 
heat  held  by  the  bricks  from  preliminary  heating,  or  the  previous 
charge,  raises  the  temperature  to  the  point  where  the  volatile 
matter,  distilled  from  the  coal,  finally  catches  fire.  The  coking 
proceeds  from  the  top  downwards  and  the  burning  of  the  volatile 
to  maintain  the  required  heat  is  regulated  by  closing  up  the  air 
opening  as  the  amount  of  the  volatile  falls  off.  After  the  volatile 
has  ceased  to  come  off  the  process  is  finished.  The  door  is  then 
torn  down,  the  coke  watered  on  the  inside  of  the  oven  by  means  of  a 
spray  of  water  and  is  then  drawn  from  the  oven. 

The  beehive  oven  arranged  for  the  mechanical  drawing  of  coke 
differs  from  the  above  only  in  the  width  of  the  door  and  project- 
ing iron  jams  at  the  sides  of  the  door.  Mechanical  drawing  of  the 
beehive  oven  has  been  resorted  to  on  account  of  the  scarcity  of 
labor  and  not  from  any  increased  efficiency  resulting  from  the 
mechanical  operation  per  se.  There  is  reason  to  doubt  if  me- 
chanical drawing  shows  any  material  reduction  in  the  cost  of  opera- 
tion when  all  the  items  are  taken  into  consideration.  It  un- 
doubtedly breaks  up  the  coke  more,  producing  a  large  percentage 
of  breeze,  but,  on  the  other  hand,  it  reduces  the  time  of  drawing 

ry  materially.  The  enlarged  size  of  the  door  makes  drafting 
more  diflScult  and  leads  to  much  burned  coke.  The  practice  of 
watering  far  in  advance  of  drawing  and  especially  where  the  pre- 
caution of  putting  the  lid  on  trunnel-head  is  not  followed,  leads 
to  the  rapid  cooling  of  the  oven  and  reduces  the  yield  by  increasing 
the  length  of  time  necessary  for  subsequent  charges  to  ignite. 
This  increases  the  time  to  burn  the  same  size  of  charge  or  neces- 
sitates the  reduction  of  the  charge  to  burn  ovens  down  on  time. 


i 
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Lately  a  patented  machine  for  the  mechanical  leveling  of  coal 
in  beehive  ovens  has  been  put  on  the  market  and  is  now  in  opera- 
tion in  the  Connellsville  coke  region  (Figure  2).  It  runs  on  the 
larry  track,  uses  the  larry  trolley,  and  operates  through  the  trun- 
nel-head.  This  machine  gives  evidence  of  proving  its  usefulness, 
not  only  by  the  elimination  of  hand  labor,  but  by  encouraging 
the  proper  leveling  of  the  ovens,  an  operation  too  often  neglected 
or  considered  of  little  importance.  The  proper  levehng  of  the  coal 
in  any  oven  is  a  matter  of  great  importance,  and  it  is  a  source  of 
regret  that  so  little  attention  is  paid  to  this  feature  of  the  process 
by  the  beehive  operators  throughout  the  country.  With  improper 
leveling,  the  different  heights  of  charge  become  coked  to  the  bot- 
tom at  different  periods  of  time,  thus  exposing  the  top  surface  of 
the  coke  to  the  prolonged  action  of  the  air  admitted  for  the  com- 
pletion of  the  process,  with  a  resultant  loss  of  coke,  or  if  the 
process  be  stopped  short  of  completion  the  coke  from  the  higher 
portions  exhibits  black  butts. 

LONGITUDINAL  OVENS 

The  decreasing  efficiency  and  scarcity  of  labor  and  the  increased 
cost  of  coking  coal  has  led  to  experiments  to  reduce  both  of  these 
factors,  first  by  making  the  coking  operation  non-dependent  on 
large  numbers  of  laborers,  and  secondly  by  decreasing  the  cost 
of  actual  operation.  From  these  experiments  was  evolved  in 
1906  the  longitudinal  oven  (a  modification  of  the  old  Belgian  type), 
with  its  mechanical  devices  for  leveling,  pushing  and  loading  of 
coke.  Figure  3  shows  a  section  of  this  type  of  oven  and  the  method 
of  operation.  In  its  essential  details  it  may  be  described  as  a  long, 
narrow,  rectangular  chamber  generally  somewhat  larger  at  the 
discharging  end,  with  sloping  barrel  roof  approaching  the  center 
from  both  ends,  a  trunnel-head  in  center  of  roof,  flat  tile  bottom 
and  doors  the  whole  width  of  the  chamber  at  either  end.  These 
ovens  are  placed  side  by  side  forming  a  block  and  are  charged  as 
in  beehive  practice,  from  a  larry  running  on  a  track  supported  on 
the  ovens.  The  oven  is  drafted  from  both  ends,  after  the  method 
of  the  beehive  oven,  and  the  coke,  after  being  watered  on  the 
inside  of  the  oven,  is  pushed  out  by  means  of  a  pusher,  devised  for 
the  purpose,  onto  a  traveling  conveyor,  which  transfers  it  to  cars; 
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screening  being  more  or  less  fully  accomplished  during  the  passage 
of  the  coke  along  the  conveyor.  During  the  last  three  years  this 
type  of  oven  has  come  into  prominence,  especially  in  the  Lower 
Connellsville  region,  and  many  claims  are  made  for  it  in  regard 
to  increased  yield,  better  product,  lower  cost  of  production,  etc., 
but  judgment  must  be  withheld  until  these  ovens  have  been  in 
use  for  a  longer  period  and  prove  their  worth  by  actual  service. 

BEEHIVE    OVEN    WITH   ARRANGEMENT   FOR  UTILIZING 
WASTE    HEAT    OF  GASES 

Waste  heat  from  beehive  ovens  is  utilized  at  some  few  plants  in 
this  country  for  the  generation  of  steam.  The  ovens,  either  bank 
or  double-row,  are  provided  with  a  tunnel,  built  in  case  of  the  bank 
ovens  directly  behind,  and  the  double-row  between  the  rows,  and 
extending  the  whole  length  of  the  ovens  to  be  used  for  this  pur- 
pose. From  each  oven  a  flue  is  provided  leading  from  the  oven 
to  the  tunnel  and  so  arranged  that  it  can  be  dampered  off.  This 
flue  is  placed  in  the  crown  of  the  oven  above  the  height  to  which 
the  coal  is  charged.  Numerous  schemes  for  placing  the  flues  lead- 
ing from  the  oven  to  the  main  flue  have  been  tried.  The  usual 
practice  is  a  short  straight  one  from  the  oven  direct  to  the  tunnel. 
At  the  boiler  end  a  large  stack  is  placed  to  cause  proper  draft. 
In  operation  the  regular  trunnel-head  is  covered  and  kept  closed, 
the  gases  passing  through  the  flue  into  the  tunnel  instead  of  into 
the  open  air  as  in  the  case  of  the  ordinary  beehive  practice.  The 
waste  heat  passes  along  the  tunnel  in  the  direction  of  the  draft 
chimney  and  through  the  boiler  setting  before  passing  out  of  the 
stack.  The  temperature  in  these  flues  is  very  high  (around 
2700°  F.)  and  the  building  of  flues  to  withstand  this  heat  is  a 
matter  of  much  consequence.  The  temperature  of  the  gases  at 
the  boiler  approximates  2000°  F.,  and  the  gases  are  suflScient  in 
amount  to  generate  from  12  to  20  horse  power  per  oven.  The  ovens 
burn  hotter  under  these  conditions  due  to  the  better  draft  on  the 
ovens  than  when  burning  into  the  air. 

BEEHIVE    COKING    IN    THE    SEVERAL    COAL    FIELDS  OF 
THE    UNITED  STATES 

Beehive  coke  is  produced  in  five  of  the  seven  great  coal  fields 
of  the  United  States :  Appalachian  field  in  Pennsylvania,  Virginia, 
West  Virginia,  Ohio,  Tennessee,  Georgia,  Alabama  and  Eastern 
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Kentucky;  the  Eastern  Interior  field  in  Illinois,  Indiana  and 
Western  Kentucky;  the  Western  Interior  field  in  Kansas,  Mis- 
souri and  Oklahoma;  the  Rocky-Mountain  field  in  Colorado, 
Montana,  Utah  and  New  Mexico;  and  the  Pacific  Coast  field  in 
Washington. 

Pennsylvania  has  from  the  beginning  of  coke  making  in  the 
United  States  maintained  the  supremacy  as  to  production,  and 
the  beehive  oven  coke  from  the  Coimellsville  region  is  still  con- 
sidered the  standard  coke  of  the  country.  All  other  cokes  from 
whatever  section  of  the  country  are  judged  by  comparison  with 
this  standard.  The  coal  from  this  region,  with  approximately 
thirty-one  per  cent  of  volatile  matter,  seems  to  contain  just  the 
proper  amount  and  composition  of  this  volatile  and  to  be  given  off 
at  the  proper  temperature  and  time  to  produce  a  maximum  yield 
of  coke  with  a  minimum  loss  of  fixed  carbon  during  the  process. 
Practically  all  the  coal  in  this  region  is  mined  for  the  production 
of  coke  and  is  charged  into  the  ovens  without  any  special  prepara- 
tion whatever.  About  fourteen  per  cent  of  the  coal  from  other 
coking  regions  of  the  State  is  washed  before  coking,  and  the  coke 
produced  is  of  varying  purity  and  physical  structure.  The  table 
herewith  shows  the  range  of  composition  of  the  Pennsylvania 
cokes : 


West  Virginia  coal  is  of  exceptional  purity  and  the  coking  in- 
dustry, although  second  in  production,  is  mainly  as  an  incident 
to  the  furnishing  of  steam  and  domestic  coal.  More  than  sixty 
per  cent  of  the  coal  charged  into  the  beehive  ovens  is  slack  and 
less  than  ten  per  cent  of  it  is  washed.  At  those  plants  where  pro- 
per attention  is  given  to  preparation  of  the  coal  and  subsequent 
operation  of  the  ovens  themselves,  a  coke  of  superior  chemical 
and  physical  properties  is  produced.  The  quality  of  the  greater 
amount  of  West  Virginia  cokes  is  exceptionally  good,  but  a  wide 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash 

Sulphur 


92.53  to  80.84 
6.95  to  15.99 
.81  to  1.87 


.23  to  .91 
.29  to  2.26 
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variation  is  still  to  be  found  in  the  chemical  composition  of  the 
cokes  of  this  State  as  the  following  range  shows: 


The  coke  produced  in  Virginia  is  from  coal  in  the  southwestern 
part  of  the  State  and  is  all  from  unwashed  coal.  In  chemical  and 
physical  properties  it  resembles  the  cokes  from  southern  West 
Virginia. 

The  cokes  from  the  southern  part  of  the  Appalachian  field,  com- 
prising the  States  of  Tennessee,  Georgia,  Alabama  and  Eastern 
Kentucky,  are  for  the  most  part  made  from  washed  coal,  the  qual- 
ity of  coke  is  poorer  and  the  ash  and  sulphur  are  high.  The  aver- 
age ash  is  in  the  neighborhood  of  14  or  15  per  cent,  and  often  run- 
ning up  to  16  and  18  per  cent  where  proper  attention  is  not  paid 
to  preparation  and  coking.  The  Birmingham  district  of  Ala- 
bama produces  a  fairly  large  amount  of  good  beehive  coke,  with  an 
ash  content  averaging  11  per  cent,  but  such  coke  is  the  exception 
and  not  the  rule. 

Range  of  composition  of  above  coke: 


Beehive  coking  operations  in  the  States  of  Illinois  and  Indiana 
are  practically  at  a  standstill.  A  few  ovens  for  experimental 
purposes  have  been  built  in  these  States  and  have  demonstrated 
the  practicability  of  producing  coke  from  some  of  these  coals. 
The  coking  possibihties  of  Illinois  and  Indiana  coals  is  confined  to 
small  areas,  and  beehive  operations  will  hardly  be  established  in 
these  fields. 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash 

Sulphur 


95.47  to  84.09 
4.00  to  12.96 
.53  to  2.26 


.07  to  .60 
.46  to  2.35 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash 

Sulphur 


.75  to  1.34 
.75  to  1.95 
91.20  to  77.81 
7.30  to  18.90 
.58  to  1.77 
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Kansas,  Missouri  and  Oklahoma  have  had  poor  success  in  the 
production  of  coke  and  the  total  output  from  these  States  is  very 
small. 

Practically  all  the  coke  from  the  States  of  Colorado  and  New 
Mexico  is  made  from  coal  previously  washed  and  crushed  before 
charging  into  the  ovens.  A  plant  of  350  beehive  ovens  of  concrete 
construction  is  one  of  the  novelties  of  this  region.  The  ovens 
proper  are  of  the  ordinary  beehive  type,  13  feet  in  diameter  and 
7  }/2  feet  in  height,  constructed  of  firebrick  and  tile.  The  ring 
walls  and  wharf  walls  are  of  plain  concrete,  the  battery  walls  and 
larry  track  columns  of  reinforced  concrete.  The  yield  of  coke  is 
reported  above  the  average  for  the  region  and  is  believed  to  be  due 
in  great  measure  to  the  concrete  construction  which  prevents  the 
entrance  of  excess  air  so  common  in  cracks  developed  in  ordinary 
beehive  construction.  For  details  of  this  plant  the  reader  is  re- 
ferred to  Mines  and  Minerals,  February,  1910,  pages  429  to  432. 
At  another  plant  in  this  region  the  ovens  are  provided  with  under- 
flues  which  convey  the  gases  from  the  coal  under  the  oven  bottom 
to  a  large  flue,  back  of  the  ovens,  which  carries  it  to  the  power- 
house. This  power  plant  furnishes  all  the  power  for  operation 
of  the  mines,  for  ventilation,  electric  haulage,  coal  washing  and 
crushing,  and  steam  heat  for  the  company  buildings  and  electric 
lighting  for  the  entire  community.  The  flues  under  the  oven 
bottoms  serve  to  hasten  the  coking  and  prevent  black  ends.  The 
operation  requires  careful  watching  to  prevent  the  coal  from  cok- 
ing up  from  the  bottom  as  well  as  down  from  the  top.  When 
the  bottoms  become  too  hot  and  this  coking  upwards  does  take 
place  a  distinct  line  of  demarcation,  where  the  two  operations  meet, 
is  seen  over  the  whole  charge  of  coke. 

The  cokes  of  these  States  are  uniformly  low  in  sulphur,  scarcely 
ever  exceeding  .75  per  cent,  but  the  ash  is  high,  averaging  16  per 
cent. 

The  coals  used  for  manufacture  of  coke  in  Utah  are  practically 
identical  in  character  with  those  of  western  Colorado,  but  exhibit 
the  surprising  characteristic  of  losing  their  coking  properties  and 
becoming  non-coking  if  kept  in  storage  for  any  length  of  time. 

Montana  produces  a  very  small  amount  of  coke,  all  of  which 
is  used  in  copper  smelters.    Attention  is  called  to  the  fact  that  the 
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only  restriction  placed  on  the  coke  is  that  the  ash  content  shall 
not  exceed  20  per  cent.  This  restriction  is  only  complied  with 
when  the  coal  is  washed.  An  average  analysis  of  this  coke  shows 
18.00  to  21.00  per  cent  ash  and  over  2.00  per  cent  sulphur. 

Washington  is  the  only  State  west  of  the  Rocky  Mountains  that 
contains  coking  coal  and  the  area  within  the  State  is  small.  All 
the  coke  is  made  from  washed  and  crushed  coal  and  is  of  fairly 
good  quality.    An  average  analysis  of  this  coke  follows: 


Moisture 
Volatile  matter 
Fixed  carbon 
Ash 

Sulphur 


.92 
1.50 
59.58 
18.00 

.52 


THE  BURKHEISER  WET  SULPHURETTED  HYDROGEN, 
CYANOGEN,  AND  AMMONIA  PURIFYING 
AND  RECOVERY  PROCESS 

By  Karl  Burkheiser, 
Engineer,  Hamburg 

I',  The  object  of  the  Burkheiser  process  is  to  absolutely  purify 
coal  gas  and  to  combine  the  sulphur  contained  therein  with  the 
ammonia,  so  as  to  form  ammonia  salt.  In  these  fundamental 
efforts  the  Burkheiser  process  differs  from  all  other  processes 
which  try  to  attain  the  combination  of  the  sulphur  in  the  gas 
with  the  ammonia. 

The  Burkheiser  process  is  not  only  a  process  for  the  recovery 
of  by-products,  but  also  a  good  gas  purifying  process,  which  is 
superior  to  the  processes  used  up  to  now  for  gas  purifying. 

In  these  efforts,  the  author  started  from  the  principles  used 
up  to  now  for  the  sulphuretted  hydrogen  purifying  by  the  use 
of  bog  ore.  But  he  submits  the  bog  ore  before  its  use  to  a  prep- 
aration by  roasting,  and  thereby  removing  all  the  organic  parts, 
and  also  by  withdrawing  from  it  part  of  the  chemically  combined 
waters.  From  the  original  bog  ore  (Fe2(OH)6)  is  formed  a  red 
modification,  poorer  in  water  (probably  from  the  combination 
Fe203H20) ,  which  has  a  great  absorbing  capacity  for  the  sulphu- 
retted hydrogen.  By  so  doing,  it  is  not  only  possible  to  confine 
the  gas  purifying  itself  to  the  smallest  imaginable  space,  but 
also  to  give  the  purifying  mass  a  form  which  gives,  in  the  oxy- 
dation  of  the  iron  sulphide  combinations  to  SO2  and  SO3,  an  ab- 
solutely pure  SO2  and  SO3. 

The  fundamental  principles  of  the  process  consist  in  short  of 
completely  removing,  by  means  of  the  above-mentioned  purifying 
mass,  the  sulphuretted  hydrogen  from  the  gases,  and  in  the 
regeneration  of  this  purifying  mass  to  drive  the  oxydation  up  to 
sulphur  di-oxide  and  sulphur  tri-oxide,  and  then  to  wash  out  by 
one  and  the  same  wash  fluid  the  so-formed  sulphurous  acids, 
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as  well  as  the  ammonia  of  the  gases,  without  the  carriers  of  these 
two  products  coming  into  contact. 

At  the  beginning,  the  author  carried  out  the  process  in  such  a 
way  that  by  means  of  his  purifying  mass,  which  (in  order  to  di- 
minish the  pressure)  he  used  in  pieces  of  10  to  15  mm.  diameter, 
and  placed  in  purifying  tanks  of  IJ  to  2  meters  high,  where  the 
purification  from  sulphuretted  hydrogen  took  place,  and  by  re- 
generating the  thus  formed  iron  sulphide  comh)inations  in  the 
purifying  tank  itself  by  introducing  a  regulated  air  current  up 
to  the  formation  of  sulphur  di-oxide  and  sulphur  tri-oxide.  But 
very  soon  difficulties  were  met  with  in  the  procuring  of  this  prod- 
uct in  pieces  of  a  certain  size,  and  also  with  the  increase  of  the 
size  of  the  plants  the  difficulties  increased  in  carrying  out  the 
regenerating  of  large  quantities  in  the  purifier  itself.  In  the  con- 
struction of  the  purifiers,  not  only  had  to  be  considered  their  func- 
tion as  a  sulphuretted  hydrogen  purifier,  but  also  their  function 
as  a  regenerator,  whereby  complicated  constructions,  with  all 
their  disadvantages,  resulted;  besides,  the  careful  regulating  of 
the  temperatures  made  the  supervision  of  the  plant  difficult. 

To  remove  these  difficulties,  the  author  introduced  the  wet 
sulphuretted  hydrogen  purifying  which  has  for  such  a  long  time 
been  considered  the  ideal  in  the  gas  industry. 

For  nearly  50  years  they  have  occupied  themselves  with  this 
ideal  of  gas  purifying,  and  the  carrying  out  of  the  sulphuretted 
hydrogen  purification  in  a  wet  way.  Of  the  many  proposed 
methods,  only  the  exceedingly  interesting  process  of  the  Englishman 
Claus  succeeded  (German  Patent  No.  23763,  Class  26)  and  which 
was  used  for  some  time  in  practice.  Claus  intended  to  remove  the 
sulphuretted  hydrogen  of  the  gases  by  washing  with  ammonia, 
and  to  regenerate  the  thus  formed  solution  of  ammonium  sul- 
phide and  ammonium  carbonate.  The  exceedingly  high  contents 
of  carbonic  acid  of  the  gases,  however,  necessitated  the  ammonia 
liquor  continuously  in  motion  being  about  six  times  the  amount 
the  gas  contained  originally,  so  that  the  ammonia  loss  was  such 
as  to  prevent  successful  working. 

Latterly  they  tried  to  wash  out  the  sulphuretted  hydrogen 
with  the  help  of  sulphurous  acids  by  impregnating  tar  oils  with 
sulphurous  acids,  and  treating  the  gas  with  this  wash  mass  ac- 
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cording  to  the  form  2  H2S+S02  =  2  H2O+3  S.  But  it  was  soon 
found  that  the  reaction  only  took  place  to  a  small  extent  by 
these  means,  and  that  the  washing  of  the  gases  was  a  very  im- 
perfect one. 

After  the  efforts  of  the  author  had  become  known,  other  in- 
ventors took  up  the  idea  of  using  the  sulphuretted  hj^drogen  of 
the  gases  for  the  formation  of  ammonia  salt,  and  an  attempt  was 
made  to  wash  out  the  sulphuretted  hydrogen  by  Metallic  thio- 
sulphate,  and  to  change  the  thiosulphate  into  poly-thio- 
sulphate,  and  finally  into  sulphate.  Experiments  were  made 
with  a  large  number  of  metals  such  as  zinc  manganese,  iron,  etc., 
and  latterly  also  with  ammonium  poly-thionate.  In  spite  of 
the  exceedingly  numerous  methods  which  were  used,  success  has 
not  yet  been  attained,  and  probably  for  the  reason  that  the  full 
reaction  with  thiosulphate  and  poly-thionate  only  takes  place 
in  rare  cases,  and  principally  in  a  certain  direction,  and  also  be- 
cause these  reactions  are  always  affected  by  a  large  number  of 
secondary  reactions.  But  even  if  such  reactions  are  successful 
quantitatively,  there  is  always  only  so  much  sulphuretted  hydro- 
gen removed  from  the  gas  as  corresponds  with  the  contents  of  the 
ammonia  in  the  gas,  so  that  a  large  portion  of  the  sulphuretted 
hydrogen  remains  in  the  gas. 

Such  processes  are  always  only  sulphur  combining  processes, 
and  not  sulphur  purifying  processes,  because,  as  mentioned  above, 
apparatus  for  the  removal  of  the  surplus  sulphuretted  hydrogen 
is  necessary  in  just  the  same  manner  as  in  the  process  up  to  now. 

How  the  author  carries  out  in  the  wet  process  the  complete 
purifying  of  the  gas  from  sulphuretted  hydrogen,  cyanogen  and 
ammonia,  and  at  the  same  time  binds  the  ammonia  salt,  and  uses 
the  cyanogen  products,  is  shown  in  the  process  described  hereafter, 
and  in  the  drawing  attached. 

The  gas  coming  from  the  ovens  is  freed  from  tar  and  cooled 
only  so  far  as  is  necessary  for  a  rational  tar  separation;  the  con- 
densate falling  out  in  this  part  of  the  plant  is  distilled  in  the  usual 
manner.  The  vapours  containing  NH3  from  the  distilling  column 
are  again  conducted  to  the  gas  current  so  that  the  whole  of  the 
ammonia,  the  whole  of  the  sulphuretted  hydrogen,  and  all  the 
cyanogen  of  the  gases  is  contained  in  the  gas  entering  the  purifier. 
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The  gas  now  freed  from  tar,  but  containing  all  its  ammonia, 
sulphuretted  hydrogen  and  cyanogen,  goes  into  a  rotating  sul- 
phuretted hydrogen  and  cyanogen  purifier  which  is  an  ordinary 
''Standard"  washer,  and  is  divided  into  a  number  of  chambers 
connected  together. 

Into  this  rotating  purifier  the  wash  fluid  is  sent,  which  consists 
of  very  fine  ''Burkheiser"  purifying  oxide  mixed  with  water. 
This  wash  fluid  is  kept  in  motion  as  it  passes  through  the  purifier, 
by  means  of  purposely  constructed  boards  and  shovels,  so  that 
an  intimate  contact  of  the  gas  with  the  wash  fluid,  takes  place. 
The  supplying  of  the  purifier  with  the  wash  fluid  (oxide  in  sus- 
pension) takes  place  from  a  mixing  tank  with  revolving  stirrers. 
The  wash  liquid  flows  from  chamber  to  chamber  of  the  purifiers, 
through  which  the  gas  goes  in  a  counter  current,  so  that  in  the 
first  chamber  in  the  direction  of  the  gas  current,  in  which  the 
impure  gas  enters  the  purifier,  the  product  is  nearly  saturated 
with  sulphuretted  hydrogen,  the  ammonia  contents  of  the  gases 
serving  as  a  reaction  carrier.  At  the  beginning  of  the  process, 
the  wash  fluid  absorbs  ammonia  from  the  gases.  A  loss  of  ammonia 
however,  does  not  take  place,  for,  as  will  be  shown  below,  always 
the  same  wash  fluid  saturated  with  ammonia  is  in  circulation. 

The  oxide  in  suspension  absorbs  the  H2S  by  forming  iron  sul- 
phide compounds,  and  at  the  same  time  absorbs  also  all  the  cy- 
anogen of  the  gases.  There  are  formed  in  the  presence  of  sul- 
phur, Alkali  polysulphides  in  the  ammoniacal  liquor,  which 
carries  along  the  oxide,  and  these  absorb  the  cyanogen  of  the  gases. 
There  are  thus  formed  alkali-sulpho-cyanide  compounds,  which, 
as  they  are  very  easily  dissolved,  are  easily  separated  from  the 
iron  sulphide  combinations. 

The  cyanogen  purifying  takes  place  therefore  without  any 
special  arrangement,  in  such  perfection  as  is  not  obtained  in  any 
cyanogen  purifying  process  used  up  to  now,  which,  on  account 
of  its  comphcated  apparatus,  etc.,  has  made  economical  working 
very  difiicult.  The  cyanogen  purifying  therefore  not  only  costs 
nothing,  but  is  also  more  perfect,  and  besides,  the  cyanogen  is 
obtained  in  a  form  which,  as  explained  below,  is  changed  to  a 
valuable  by-product,  that  is,  ammonia.  There  thus  disappear 
in  this  process,  not  only  the  expensive  apparatus  for  the  cyanogen 
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purifying,  but  also,  at  the  same  time,  the  cyanogen  itself  with 
all  its  drawbacks,  and  in  its  place  is  given  an  increase  of  the 
ammonia  yield. 

The  gas  coming  out  from  the  purifier  contains  now  only  ammonia 
which  is  absorbed  after  the  principle  of  the  author,  that  is,  with 
a  second  lye  continuously  circulating  through  the  saturator  and 
ammonia  washer.  The  wash  fluid  which  is  brought  into  contact 
alternately  with  the  gas  containing  NH3  and  the  air  containing 
SO2  consists  of  a  mixture  of  neutral  and  primary  sulphite,  and  is 
therefore  capable  of  absorbing  NH3  as  well  as  SO2  gas. 

NH4\c.^    .  XTTT  _NH4^ 


S03  +  NH4  =  JJg^S03 
SO3  +  SO2  +  H2O  =  2  ";^S03 


^S;>S03  +  S024-H20  =  2^^^ 


In  other  words;  if  one  sprinkles  the  ammonia  washer  and  satu- 
rator with  a  wash  fluid  of  primary  and  neutral  ammonium  sul- 
phite, the  neutral  sulphite  of  the  wash  fluid  will  pass  this  appa- 
ratus unchanged,  whilst  the  primary  ammonium  sulphite  changes 
into  neutral  ammonium  sulphite.  On  the  contrary,  the  ammonium 
sulphite  will  remain  unchanged  by  the  sprinkling  of  the  SO2 
washer,  and  the  normal  ammonium  sulphite  will  change  into 
primary  ammonium  sulphite.  The  wash  fluid  collected  in  the 
low  tank  which  comes  from  the  NH3  and  SO2  washer,  consists 
therefore  again  of  a  mixture  of  primary  and  normal  ammonium 
sulphite.  That  this  mixture  of  primary  and  normal  ammonium 
sulphite  is  produced  in  the  working  by  itself,  is  specially  clear 
if  one  follows  up  the  process  from  the  beginning  and  uses  water 
as  a  wash  fluid.  If  one  begins  the  wash  process  with  pure  water 
and  sends  it  through  the  ammonia  washing  apparatus,  the  wash 
fluid  running  off  from  this  consists  of  ammonia  water  (NH4OH). 
If  one  sends  this  ammonia  water  to  the  SO2  washer,  the  wash 
fluid  running  off  from  this  consists  of  primary  ammonium  sulphite 

(NH40H  +  S02  =  '^^'^S03).     In  the  further  circulation  this 

lye  goes  again  to  the  ammonia  washer  where  it  absorbs  NH3, 

so  that  normal  ammonium  sulphite  is  formed  ^"^^^SOa  +  NH3 
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>S03).     If  one  pursues  this  circuit  further,  one  finds 


that  continuously  takes  place  the  formation  of  primary  and  normal 
ammonium  sulphite.  If  one  now  runs  off  the  wash  fluid  from  all 
the  apparatus  into  a  deep  tank,  and  pumps  this  to  a  high  tank, 
the  result  is  the  above-mentioned  mixture  of  primary  and  normal 
ammonium  sulphite.  This  characteristic  composition  of  the  wash 
fluid,  which  of  course  can  vary  to  one  or  the  other  side,  is  easily 
obtainable  with  all  gases.  All  coals  used  for  gas  making  have 
considerably  more  sulphur  than  is  necessary  for  the  combining 
of  the  ammonia.  One  is  therefore  quite  at  liberty  to  give  more 
or  less  sulphurous  acid  to  the  wash  fluid.    From  one  molecule 


the  lye  is  always  more  concentrated  until  the  saturating  limit 
is  obtained,  when  the  normal  ammonium  sulphite  falls  out  of 
solution  as  its  solubihty  is  less  than  primary  ammonium  sulphite. 
This  takes  place  in  the  saturator  where  the  gas  with  its  whole 
ammonia  contents  passes  through  the  wash  fluid,  and  gives  up 
the  greatest  part  of  its  ammonia,  whilst  in  the  ammonia  scrubber 
the  remaining  small  part  of  the  ammonia  contents  of  the  gases 
gives  a  small  enrichment  to  the  wash  liquid.  By  this  is  obtained 
a  completely  perfect  washing  out  of  the  ammonia,  as  only  a  part 
of  the  efl[iciency  of  the  wash  fluid  conducted  to  the  ammonia  scrub- 
ber is  required. 

The  total  sulphuretted  hydrogen  and  ammonia  purifying  con- 
sists therefore  only  of  a  rotating  purifier,  a  scrubber,  and  an  am- 
monia final  washer.  Of  special  importance  in  the  process  is  that 
the  dimensioning  of  the  sulphuretted  hydrogen  and  cyanogen 
purifier  is  independent  of  the  sulphur  contents  of  the  coal  in  use, 
because  the  wash  liquid  (mass  suspension)  flows  continuously 
through  the  purifier.  It  only  requires  a  more  or  less  quick  pump- 
ing of  the  wash  fluid  through  the  purifier  in  order  to  render  the 
purifying  a  complete  one.  The  purifier  itself  is  divided  into  six- 
eight  chambers,  and  is  so  arranged  that  already  in  the  fourth 
chamber  (reckoned  from  the  gas  entrance)  the  gas  is  completely 
purified  of  sulphuretted  hydrogen  and  cyanogen. 

As  is  seen,  the  whole  gas  purifying  takes  place  continuously 
in  this  wet  process  without  any  interruption,  and  without  any 


formed  two  molecules 


NH4\< 


-SO3,  whereby 
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change  of  valves.  It  does  not  require  any  stopping  or  diversion 
of  the  gas  current  in  order  to  take  out  the  saturated  product 
from  the  purifier.  The  mass  in  suspension  flows  out  automatically 
through  overflows  from  chamber  to  chamber  of  the  purifier, 
and  the  gas  current  goes  without  interruption  always  the  same 
way.  The  saturated  product  is,  so  long  as  it  remains  in  apparatus 
containing  gas,  alwaj^s  in  suspension,  whereby  all  dangers  which 
were  connected  with  the  usual  sulphuretted  hydrogen  purifying 
process  are  removed. 

As  is  seen  from  the  above,  the  regenerating  from  the  used  prod- 
uct, and  the  production  of  the  sulphurous  acid,  does  not  touch 
any  phase  of  the  actual  purifying  process.  The  outflowing  mass 
in  suspension  from  the  purifier  which  contains  the  purifying  mass 
saturated  with  sulphur,  and  in  its  liquid,  sulpho  cyanide  compounds 
is  conducted  by  a  natural  fall  through  pipes  into  a  special  space, 
completely  separated  from  the  gas  purifying  plant,  and  here  the 
mass  is  separated  from  the  liquid.  The  mass  separated  from  the 
liquid  falls  into  a  regenerator;  the  liquid  flowing  back  into  the 
mixing  tank.  The  regenerator  consists  of  two  drums  placed 
horizontally  one  above  the  other,  in  each  of  which  there  are  ro- 
tating arms  which  move  the  mass  continuously,  and  at  the  same 
time  carry  it  through  the  drums.  The  mass  separated  from  the 
fluid,  and  still  a  little  damp,  falls  through  a  shoot  first  into  the 
top  drum  of  the  regenerator,  and  is  revivified  here  only  up  to 
the  production  of  free  sulphur,  and  is  dried  on  its  passage  through 
the  drum  by  the  reaction  heat.  The  dry  product  falls  again 
automatically  into  the  drum  lying  underneath  in  which  the  re- 
action is  proceeded  with  up  to  sulphurous  acid.  These  SO2  gases 
go  into  the  air  washer.  The  product  coming  from  the  regenerator 
is  completely  regenerated  and  falls  into  the  mixing  tank,  and 
begins  its  circuit  again. 

As  observed  above,  the  liquid  separated  from  the  saturated 
product  contains  the  Alkali  sulpho  cyanide  compounds  which 
are  changed  into  ammonia.  This  takes  place  in  such  a  manner 
that  from  time  to  time  a  part  of  the  wash  fluid  overflows  into 
a  special  tank  and  is  mixed  with  lime,  and  calcium  cyanide  formed, 
the  free  ammonia  being  led  back  again  to  the  gas.  This  calcium 
cyanide  is  exposed  to  a  high  temperature,  whereby  the  sulpho 
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cyanide  is  completely  changed  into  ammonia,  which  also  is  con- 
ducted to  the  gases.  Very  minute  tests  of  the  author  have  shown 
that  a  complete  conversion  of  the  sulpho-cyanide  compounds 
to  ammonia  is  obtained  by  a  reducing  and  oxydising  substance 
and  that  this  fact  has  an  important  bearing  on  the  varying  pro- 
ductions of  ammonia  and  cyanogen  obtained  in  the  distillation 
of  coal.  Therefore  not  only  a  cyanide  purifying  at  low  cost  is 
obtained,  but  with  the  most  simple  apparatus,  and  the  most 
simple  means,  all  cyanide  is  changed  into  ammonia,  whereby, 
according  to  the  cyanide  contents  of  the  gas,  the  ammonia  yield 
is  increased  by  10%  and  more. 

The  amount  of  product  (oxide)  which  is  necessary  for  the  sul- 
phuretted hydrogen  absorption  in  this  process  has  no  comparison 
to  the  dry  purifying  process.  For  the  purifying  of  a  daily  gas 
production  of  350,000  cubic  feet,  about  1,000  lbs.  of  product  suf- 
fices. In  one  hour  therefore,  only  about  40  lbs.  of  product  pass 
through  the  regenerator,  whilst  in  the  ordinary  purifying  for  the 
same  gas  quantity,  40  tons  product  would  have  to  be  put  into 
the  purifiers.  The  amount  of  product  present  in  the  regenerator 
is  therefore  exceedingly  small,  so  that  the  regenerating  process 
can  be  carried  out  under  the  most  favorable  conditions.  The 
product  is  always  again  completely  regenerated.  A  renewal  of 
the  purifying  product  is  not  required  except  to  replace  the  natural 
losses  in  the  working. 

A  further  advantage  compared  with  the  dry  process  is  the  use 
of  the  product  in  the  form  of  dust;  the  drawbacks  due  to  the 
breakage  of  a  used  lump  product,  through  the  influence  of  chemical 
reaction  by  repeated  regeneration,  is  completely  done  away  with, 
and  the  fife  of  the  product  is  not  influenced  by  its  continual  use. 

The  salt  outfall  from  the  process  consists  of  a  mixture  of  am- 
monia sulphite  and  sulphate,  firstly  by  production  of  SO2  as 
well  as  SO3  in  the  regeneration,  and  secondly  because  oxydation 
takes  place  during  the  circulation  of  the  wash  fluid.  In  the  space 
of  a  few  weeks,  however,  all  sulphite  which  is  contained  in  the 
salt,  oxydises  to  sulphate  without  any  loss  of  ammonia.  The 
salt  has  always  a  high  percentage  of  ammonia,  is  of  a  beautiful 
white  colour,  and  contains  no  free  acid,  and  the  corrosion  of  sacks 
so  often  found  with  sulphate  produced  with  sulphuric  acid,  is 
absent. 
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The  advantages  of  the  process  are  chiefly  as  follows: 

1.  The  saving  in  capital  cost  of  plant  owing  to  a  very  great 
reduction  in  the  requirements  for  space  of  the  purifying  plant, 
and  the  small  cost  of  the  apparatus  and  buildings. 

2.  The  increase  of  working  profits  by  the  greatest  use  of  raw 
materials;  and  that: 

a.  By  uniting  the  purifying  and  ammonia  recovery  to  a  single 
and  simple  self-contained  process. 

h.  The  cyanogen  purifying  is  carried  out  in  a  perfection  not 
obtained  before,  without  any  extra  cost  or  special  arrangements, 
at  the  same  time  as  the  sulphuretted  hydrogen  purifying. 

c.  For  the  ammonia  recovery,  the  introduction  of  foreign  sul- 
phuric acid  is  completely  replaced  by  the  sulphuretted  hydrogen 
contained  in  the  gases. 

d.  The  cyanogen  nitrogen  is  changed  to  a  valuable  ammonia 
nitrogen,  and  results  in  an  increase  of  10  to  15%  of  the  ammonia 
output. 

e.  An  increase  of  the  life  of  the  apparatus  is  obtained.  The 
apparatus  does  not  require  any  lead  work,  as  no  acid  is  used,  but 
in  its  place  a  wash  fluid  which  does  not  cause  any  corrosion  of  the 
apparatus. 

/.  The  large  requirements  of  purifying  product  for  the  sulphu- 
retted hydrogen  purifying  are  removed.  The  small  amount  of 
purifying  mass  in  circulation  in  the  process  is  always  used  over 
and  over  again. 

g.  The  danger  of  explosion  through  the  emptying  and  re- 
filling of  purifying  tanks  in  the  gas-works  is  completely  removed. 

For  a  coke  works,  the  advantages,  besides  the  economy  in 
sulphuric  acid  and  increase  of  ammonia  yield,  consist  especially 
that  all  coke  gases  are  completely  freed  from  sulphuretted  hy- 
drogen, cyanogen  and  ammonia,  and  therefore  can  be  used  at 
once  as  lighting  gas.  Further,  for  coke  works  there  is  the  very 
important  hygienic  advantage,  which  consists  in  the  gases  used 
for  the  burning  in  the  ovens,  being  all  free  from  sulphuretted 
hydrogen,  and  therefore  all  troubles  from  sulphurous  acids  are 
done  away  with. 


NEUTRAL  COKE 


By  J.  R.  Campbell 
Scottdale,  Pa. 

SULPHUR  IN  NATURAL  COKE 

The  tests  show  that  about  33  J  %  of  the  total  sulphur  in  the 
coke  made  from  washed  Rend  coal,  was  transformed  to  calcium 
sulphide  during  the  coking  process  by  the  addition  of  12|% 
limestone,  perhaps,  too  small  a  percentage  to  have  much  metal- 
lurgical significance  in  blast  furnace  practice  where  the  desid- 
eratum is  to  have  the  total  sulphur  in  the  form  of  calcium  sul- 
phide; also  that  the  total  sulphur  in  the  neutral  coke  has  actually 
increased  about  10%,  i.e.,  a  part  of  the  otherwise  volatile  sulphur 
combined  with  the  lime  of  the  hmestone  during  the  coking  process. 

Furthermore,  even  if  calcium  sulphide  was  formed  completely 
during  the  coking  process,  it  would  be  extremely  hazardous  to 
assume  that  the  calcium  sulphide  thus  formed  would  pass  un- 
changed through  the  blast  furnace  into  the  slag,  in  view  of  well- 
established  claims  that  calcium  sulphide  is  reduced  by  metallic 
oxides  at  low  temperatures,  or  in  other  words,  acts  as  a  sulphuriz- 
ing agent. 

TEMPERATURE  FOR  NEUTRAL  COKE 

It  is  apparent  that  much  higher  temperatures,  perhaps  critical 
in  the  flues  and  oven  walls,  are  required  for  the  formation  of 
calcium  sulphide  than  ordinarily  prevail  during  the  coking  process. 
At  2100  degrees  F.  in  the  coking  mass,  there  is  a  33  J  %  transfor- 
mation of  sulphur,  but  there  is  no  positive  data  to  show  that  a 
100%  efficiency  will  be  obtained  at  higher  temperatures. 

The  free  lime  also  is  proportional  to  the  temperature  in  the  mass, 
though  it  appears  to  be  easier  to  form  a  mono-silicate  than  cal- 
cium sulphide  at  the  usual  working  temperatures.  About  85% 
of  the  total  lime  in  the  neutral  coke  is  in  combination  at  2100 
degrees  F. 

It  may  also  be  pointed  out  that  a  part  of  the  above  deficiencies 
may  be  offset  by  finer  pulverization  of  both  coal  and  limestone. 
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PHYSICAL  QUALITY  OF  NEUTRAL  COKE 


The  physical  quaHty  of  the  calcite  coke  was  much  better  than 
the  usual  coke  in  every  instance,  which  is  the  one  thing  above  all 
others  that  commends  the  Diehl-Faber  process.  The  shatter 
test,  porosity,  etc.,  on  neutral  coke  from  washed  coal  from 
Rend  mine  No.  2,  Illinois,  was  practically  as  good  as  the  regular 
Klondike-Poca.  coke,  though  it  was  smaller  and  still  showed  some 
spots. 

By  the  use  of  the  Diehl-Faber  process,  it  is  possible  to  trans- 
form an  otherwise  inferior  grade  of  coke  to  a  good  blast  furnace 
coke  from  a  physical  standpoint. 


There  is  an  increase  in  the  volume  of  gas  and  a  decrease  in  the 
B.T.U.  value  from  neutral  coke,  the  former  due  perhaps  to  the 
high  temperatures  and  the  latter  to  high  percentages  of  CO  gas 
from  limestone. 

The  total  sulphate  yield  is  as  high  from  neutral  coke  with  12|% 
limestone  as  from  regular  coke,  and  12|%  higher  when  calculating 
back  to  coal  actually  charged.  Neutral  coke  shows  35-40% 
more  free  ammonia  and  about  60%  less  fixed  ammonia.  The  data 
on  ammonia  yields  agrees  with  outside  information  which  is  that 
a  2%  addition  of  lime  increases  the  ammonia  10-15%. 


The  experiments  indicate  that  the  coking  time  for  neutral 
coke  will  be  increased  about  33  J  %  over  the  regular  time,  i.e., 
if  any  real  good  is  to  be  accomplished  by  the  limestone  addition. 

The  Effect  of  Calcium  Chloride  on  the  Ammonia  Yield. 
The  results  on  bomb  tests  are  as  follows : 


GAS  AND  AMMONIA  YIELDS 


COKING  TIME  FOR  NEUTRAL  COKE 


REND  COAL  TREATED  WITH  CALCIUM  CHLORIDE 


Ammonia  as  Sulphate 

(a)  Free 

(b)  Combined 
Total  sulphate 


0.48% 
1.50% 


37.2fper  net  ton 
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WASHED  EEND  COAL  WITHOUT  CALCIUM  CHLOEIDE 

Ammonia  as  Sulphate 


The  above  chemical  is  used  in  the  Campbell  Chemical  Washer. 
The  total  sulphate  yield  is  increased  3.8  per  net  ton  which  means 
about  11  ^  more  credit  for  by-products. 

While  the  combined  ammonia  is  radically  increased  by  the  use 
of  the  calcium  chloride,  necessitating  the  use  of  more  lime  in 
the  stills  in  the  Koppers  process,  the  available  information  is 
that  there  will  not  be  any  great  interference  with  the  present 
practice  and  that  the  advantages  will  more  than  offset  the  dis- 
advantages. 

The  Effect  of  Iron  on  the  Ammonia  Yield 
The  following  is  the  data  prepared  by  the  laboratory. 


Rend  with  10%  Flue  Dust  (57.64%  Fe)  11.8  or  a  decrease  of  47.32% 

Rend  with  10%  Flue  Dust  (51.62%  Fe)  17.6  or  a  decrease  of  21.42% 

Rend  with  10%  FeS?  From  Rend  Coal    23.6  or  an  increase  or  5.35% 

Rend  with  10%  FeS2  From  Rend  Coal    22.6  or  an  increase  of  .88% 

There  seems  to  be  no  question  but  what  iron  and  certain  iron 
compounds  decrease  the  ammonia  yield.  The  outside  information 
we  have  available  is  to  the  effect  that  3%  of  metallic  oxide  in 
the  form  of  flue  dust  reduces  the  ammonia  yield  8%. 

In  passing  it  may  be  remarked  that  the  low  practical  yield 
of  ammonia  versus  the  theoretical  yield  may  be  due  to  iron  piping 
around  the  by-product  coke  ovens  which  could  be  further  insulated. 

Cost  of  Neutral  Coke 

Figuring  on  a  mixture  of  100%  washed  Rend  coal  and  12^% 
limestone,  the  present  cost  above,  based  on  an  18  hr.  coking 
time  and  80%  yield,  will  be  increased  about  50%,  due  to  increased 
cost  of  crushing  the  hmestone,  a  33|%  increase  in  coking  time 
and  a  25%  decrease  in  coke  yield. 


(a)  Free 

(b)  Combined 
Total  Sulphate 


1.33% 
0.45% 
33.4  per  net  ton 


20%  Rend  —80%  Poca. 

Rend  with  10%  Fe  (filings) 


Sulphate  per  net  ton 

22.4 

16.0  or  a  decrease  of  28.57% 
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The  details  of  most  of  the  above  conclusions  can  be  found  in 
the  report  which  follows: 

NEUTRAL  COKE  TEST  AT  GARY  COKE  PLANT 
WASHED  REND  COAL  USED  IN  TEST 

Object  of  Test. — The  purpose  of  this  test  was  to  investigate 
the  claims  of  the  Diehl-Faber  process  for  making  neutral  coke, 
in  which,  by  the  introduction  of  limestone  into  the  charge  in 
certain  proportions,  it  is  claimed  that  the  sulphur  in  the  raw  coal 
is  transformed  into  calcium  sulphide  during  the  coking  process, 
and  that  the  physical  quality  of  the  resultant  coke  is  improved. 

Furthermore,  we  have  endeavored  to  carry  our  investigation 
on  into  the  effect  the  limestone  will  have  upon  certain  by-products, 
i.e.,  the  gases  and  the  ammonia  yield,  also  the  temperature  con- 
ditions that  must  prevail  to  secure  the  desired  results. 

The  details  are  now  set  forth  from  which  certain  conclusions 
may  be  drawn. 


Analyses  Ash  in  Washed  Rend  Coal 


SiOz 

Fe203 

AI2O3  CaO 

MgO 

MnO 

K20 

Sul. 

Month 

48.44 

15.58 

22.52  5.10 

1.14 

.51 

3.49 

1.62 

May  1911. 

48.20 

15.98 

22.32  5.10 

1.04 

.59 

3.55 

1.64 

June  1911. 

45.76 

17.58 

22.12  6.20 

1.08 

.44 

3.93 

1.70 

July  1911. 

45.90 

15.98 

22.32  6.80 

1.12 

.49 

4.14 

1.75 

Aug.  1911. 

47.06 

15.88 

24.44  6.00 

1.12 

.56 

3.92 

1.34 

Nov.  1911. 

49.46 

13.00 

24.64  4.98 

1.18 

.49 

4.67 

1.27 

Dec.  1911. 

6)284.82 

94.00 

138.36  34.18 

6.68 

3.08 

23.70 

9.32 

47.48 

15.67 

23.06  5.69 

1.11 

.51 

3.92 

1.55 

Washed  Rend 

Coal— 

-December, 

1911 

Ash 

Sulphur 

Date 

9.03 

2.46 

Dec. 

15th, 

1911 

8.12 

1.99 

Dec. 

16th, 

1911 

9.06 

2.18 

Dec. 

16th, 

1911 

7.63 

2.05 

Dec. 

17th, 

1911 

8.73 

2.18 

Dec. 

17th, 

1911 

7.90 

1.99 

Dec. 

18th, 

1911 

6)50.47 

12.85 

Average 

8.41 

2.14 

Note- 

-Two 

cars  of  washed  Rend 

coal, 

were 

shipped  for 

''neutral  coke"  test.     Flux  was  calculated  on  the  above  average 


ill 
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analyses  of  ash  but  carefully  checked  out  with  analyses  of  coal 
while  test  was  in  progress.    These  results  are  given  elsewhere. 

Analytical  Data  on  Washed  Rend  Coal 

Proximate  Analysis  Composition  of  Ash 
Dry  Wet 

Si02  47.85 

V.M.             39.05    FesOa  15.84 

F.C.              52.34    AI2O3  23.98 

Ash                8.61    CaO  4.41 

Sul.                2.09    MgO  1.66 

H2O                                10.19  Sul.  1.11 

Forms  of  Sulphur  in  Coal 

Sulphur  as  Sulphides  1.17 

Sulphur  as  Sulphates  .10 

Other  forms  of  Sulphur  .82 

Total  Iron  .93 

Screening  Test 
OnP  1.77  Thru  98.23 

On  9.29  Thru  90.71 

Limestone  Used  in  Neutral  Coke  Test 
Analysis  Limestone 

Si02  FezOa  1.33 

AI2O3  -63 

CaO  54.12 

MgO  1.25 

CO2,  etc.  42.67 

Screening  Test  on  Limestone 

On  100  Mesh  Screen  63.4% 

On  80  Mesh  Screen  58.2% 

On  50  Mesh  Screen  29.4% 

On  40  Mesh  Screen  21.6% 

On  30  Mesh  Screen  7.8%o 

On  20  Mesh  Screen  .8% 

On  10  Mesh  Screen  Nothing 
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Coking  Test  No.  1 


Oven  No.  45.  100%  Washed  Rend  Coal,  Battery  No.  7 


Weight  of  Coal  Charged 

24300 

21821 

H2O  in  Coal 

10.2% 

Weight  of  Coke  Pushed 

20600 

13987 

H2O  in  Coke 

32.1% 

Weight  of  breeze 

580 

383 

H2O  in  breeze 

34.0% 

Net  Yield  Coke 

64.2< 

Time  Charged 

5:10  P.M.  2/27/12 

Time  Pushed 

12:30  P.M.  2/28/12 

Coking  Time 

19  hr.  20  min. 

Physical  Tests 

Shatter  Test  (4  drops  2"  screen)  70.5% 

Porosity 

38.8% 

Apparent  sp.  gr. 

.900 

Real  sp.  gr. 

1.470 

Coking  Test  No.  2 
Oven  No.  27  Washed  Rend  Coal  and  12|%  Limestone, 


Battery  No.  5 

Weight  of  Mixture  Charged 

24600 

22435 

H2O  in  mixture 

8.8% 

Weight  of  Coke  Pushed 

15200 

13376 

H2O  in  Coke 

12.0% 

Weight  of  breeze 

392 

304 

H2O  in  breeze 

22.4% 

Net  Yield  Coke 

59.6% 

Time  Charged 

7:80  p.m.  2/29/12 

Time  Pushed 

2:20  P.M.  3/1/12 

Coking  Time 

19  hr.  12  min. 

Physical  Tests 

Shatter  test 

31.9% 

Porosity 

43.9% 

Apparent  Sp.  Gr. 

.934 

Real  Sp.  Gr. 

1.666 
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Coking  Test  No.  3 


Oven  No.  27.    Washed  Rend  Coal  and  12\%  Limestone^ 
Battery  No.  5 


Weight  of  Mixture  Charged 

24000  22080 

H2O  in  mixture 

8.0% 

Weight  of  Coke  Pushed 

17400  14529 

H2O  in  Coke 

16.5% 

Weight  of  Breeze 

412  328 

H2O  in  Breeze 

20.5% 

Net  Yield  Coke 

65.8^ 

Time  Charged 

3:23  P.M.  3/1/12 

Time  Pushed 

4:09  P.M.  3/2/12 

Coking  Time 

24  hr.  46  min. 

Physical  Tests 

Shatter  test  38.0% 

Porosity  45.2% 

Apparent  Sp.  Gr.  .957 

Real  Sp.  Gr.  1.748 


Coking  Test  No.  4 
Oven  No.  70.    Washed  Coal  and  18t%  Limestone  Battery,  No.  7 

Time  Charged  2:16  p.m.  3/4/12 

Time  Pushed  12:13  p.m.  3/5/12 

Coking  Time  21  hr.  57  min. 


Physical  Tests 

Shatter  Test  55.2% 

Porosity  41.2% 

Apparent  Sp.  Gr.  .969 

Real  Sp.  Gr.  1.649 
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Temperatures  in  Coking  Mass 
(Blue  prints  showing  curves  herewith) 


Test  No.  1 


Time 

Hole  No.  1 

Hole  No.  2 

Hole  No.  3 

5:30  p.m. 

350 

325 

275 

6:00  P.M. 

200 

225 

200 

6:30  P.M. 

200 

225 

200 

7:00  P.M. 

200 

270 

250 

8:00  P.M. 

220 

250 

240 

9:00  P.M. 

230 

260 

250 

10:00  P.M. 

230 

260 

240 

11:00  P.M. 

240 

280 

240 

12:00  M. 

240 

280 

240 

1 :00  A.M. 

280 

290 

250 

Li  .UU  A.JVL. 

00\J 

250 

3.00  A.M. 

690 

360 

290 

4:00  A.M. 

1220 

420 

380 

5:00  A.M. 

1300 

720 

620 

6:00  A.M. 

1360 

1060 

822 

7:00  A.M. 

1400 

1120 

880 

8.00  A.M. 

1580 

1550 

1510 

9:00  A.M. 

1700 

1700 

1680 

10:00  A.M. 

1770 

1770 

1770 

11:00  A.M. 

1920 

1920 

1950 

Test  No,  i 

Time 

Hole  No.  1 

Hole  No.  2 

Hole  No.  3 

8:00  P.M. 

175 

150 

175 

9:00  P.M. 

200 

225 

225 

10:00  P.M. 

200 

225 

250 

11:00  P.M. 

225 

225 

250 

12:00  M. 

250 

250 

250 

1 :00  A.M. 

400 

400 

350 

2:00  A.M. 

400 

325 

325 

3:00  A.M. 

750 

400 

400 

4:00  A.M. 

800 

500 

500 

5:00  A.M. 

850 

600 

650 

1 


irrrrrr 


l  i  iJ  i  Lilj 
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Test  No.  2 — CojUinued 


Time 

Hole  No.  1 

Hole  No.  2 

Hole  No.  3 

6:00  A.M. 

850 

700 

800 

7:00  A.M. 

900 

880 

825 

8:00  A.M. 

925 

1025 

1050 

9:00  A.M. 

1375 

1320 

1300 

10:00  A.M. 

1450 

1410 

1350 

11:00  A.M. 

1500 

1500 

1450 

12.00  M. 

1550 

1545 

1475 

1 :00  P.M. 

1600 

1610 

1550 

2:00  P.M. 

1670 

1700 

1610 

Test  No. 

3 

Time 

Hole  No.  1 

Hole  No.  2 

Hole  No.  3 

5:00  P.M. 

68 

104 

104 

6:00  P.M. 

68 

176 

176 

7:00  P.M. 

104 

176 

176 

8:00  P.M. 

212 

176 

176 

9:00  P.M. 

294 

212 

212 

10:00  P.M. 

392 

248 

212 

11:00  P.M. 

572 

212 

248 

12:00  M. 

644 

356 

392 

1 :00  A.M. 

752 

392 

500 

2:00  A.M. 

932 

428 

680 

3:00  A.M. 

1112 

536 

788 

4:00  A.M. 

1292 

788 

932 

5:00  A.M. 

1358 

932 

1112 

6:00  A.M. 

1394 

1148 

1292 

8:00  A.M. 

1472 

1436 

1358 

9:00  A.M. 

1580 

1580 

1544 

10:00  A.M. 

1760 

1760 

1706 

11:00  A.M. 

1868 

1850 

1780 

12:00  M. 

1940 

1958 

1886 

1:00  P.M. 

2016 

2016 

1960 

3:00  P.M. 

2050 

2050 

2050 

Note. — The  above  readings  expressed  in  degrees  Fahrenheit. 


j 
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  I 

CHEMICAL  ANALYSES  GASES  j 

(Blue  prints  showing  curves  herewith)  ' 


Test  No.  i— 2/27/12 


Gas  Sampled  at  5.30  p.m. 

8.30  P.M. 

11.30  p.M 

.  2.30  a.m. 

5.30  a.m. 

8.30  a.m. 

11.30  a.m. 

CO, 

2.00 

2.60 

3.20 

3.80 

3.40 

2.00 

0.60 

CsHa 

0.90 

0.60 

0.70 

0.40 

0.30 

0.40 

0.00 

C2H4 

5.00 

3.00 

1.90 

1.00 

0.90 

0.70 

0.40 

O2 

1.20 

1.40 

0.80 

1.00 

0.80 

0.60 

0.40 

CO 

10.50 

10.20 

9.90 

14.60 

14.10 

13.50 

11.40 

H2 

36.20 

48.10 

54.90 

48.50 

53.30 

57.20 

64.10 

CH4 

36.20 

24.70 

24.00 

23.20 

20.50 

19.50 

7.50 

N2 

8.00 

9.40 

4.60 

7.50 

6.70 

6.10 

15.40 

Comb. 

88.80 

86.60 

91.40 

67.70 

89.10 

91,30 

93.40 

B.t.u 

622.00 

511.00 

512.00 

472.00 

454.00 

456.00 

339.00 

Test  No.  2 


Gas  Sampled  at 

8.00  P.M. 

11.00  P.M. 

2.00  A.M. 

5.00  A.M. 

8.00  A.M. 

11.00  A.M. 

2.00  P.M. 

CO2 

5.0 

4.6 

4.6 

4.8 

5.1 

2.2 

1.8 

C.H. 

.7 

.4 

.4 

.4 

0.0 

0.0 

0.0 

CzH* 

2.6 

1.9 

1.6 

.8 

0.8 

1.3 

.6 

O2 

0.8 

.7 

.8 

.8 

0.4 

.1 

.7 

CO 

12.9 

16.7 

17.2 

23.9 

26.9 

30.3 

34.3 

Hs 

44.0 

43.3 

47.0 

44.5 

47.0 

46.9 

43.8 

CH4 

28.4 

24.9 

23.5 

15.0 

13.4 

11.2 

7.2 

N2 

5.6 

7.5 

4.9 

9.8 

6.4 

8.0 

11.6 

Comb. 

88.6 

87.2 

89.7 

84.6 

88.1 

89.7 

85.9 

B.t.u. 

542.00 

494.00 

488.00 

403.00 

390.00 

386.00 

337.00 

Test  No.  3 


Gas  Sampled  at  4.00  p.m.  7.00  p.m.  10.00  p.m.  1.00  a.m.  4.00  a.m.  7.00  a.m.  10.00  a.m.  1.00  p.m. 


C02 

5.2 

6.8 

6.4 

6.0 

5.0 

3.6 

1.7 

.5 

CeHfl 

.8 

.4 

.4 

.4 

.4 

.7 

.1 

.0 

C2H4 

2.8 

2.0 

1.6 

1.2 

.6 

.3 

.6 

1.0 

O2 

.8 

.7 

.7 

.6 

.4 

1.4 

.7 

.6 

CO 

12.3 

16.5 

10.9 

22.4 

26.8 

26.9 

33.5 

29.9 

H2 

44.6 

41.5 

44.7 

43.0 

45.8 

46.3 

42.2 

47.6 

CH4 

30.7 

25.2 

21.8 

17.6 

14.3 

13.2 

9.4 

4.4 

N2 

2.8 

6.9 

5.5 

8.8 

6.7 

7.6 

11.8 

16.0 

Comb. 

91.2 

85.6 

87.4 

84.6 

87.9 

87.4 

85.8 

82.9 

B.t.u. 

582 

492 

469 

426 

403 

392 

355 

313 
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ANALYTICAL  DATA  ON  NEUTRAL  COKE  TEST 

Test  No.  1.  100  %  Washed  Rend  Coal 

Froximate  Analysis  Coke 

Composition 

of  Ash 

Dry  Wet 

V.M. 

0.90 

Si02 

46.87 

F.C. 

85.51 

FeaOs 

15.61 

Ash 

13.59 

AI2O3 

24.12 

Sul. 

1.62 

CaO 

4.21 

H2O 

32.1 

Mgo 

1.41 

Sul. 

.86 

Sulphur  as  CaS 

trace 

Sulphur  as  CaS04 

.22 

Test  No.  2.   Washed  Rend  Coal  and  12^%  Limestone 

Proximate  Analysis  Coke 

Composition 

of  Ash 

Dry  Wet 

V.M. 

4.66 

Si02 

24.06 

F.C. 

69.60 

FeaOs 

11.54 

A«h 

25.74 

AI2O3 

9.93 

Sul. 

1.37 

CaO 

48.00 

H2O 

12.00 

MgO 

1.15 

Sul. 

.61 

Sulphur  as  CaS 

.25% 

Sulphur  as  CaSO^ 

.27% 

Free  CaO 

2.85% 

Test  No.  3.    Washed  Rend  Coal  and  12\%  Limestone 
Proximate  Analysis  Coke 


Dry  Wet 
V.M.  2.34 

F.C.  72.70  Sulphur  as  CaS  .53% 

Ash  24.96  Sulphur  as  CaS04 .33% 

Sul.  1.76  Free  CaO  1.65% 

H2O  16.5 
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Test  No.  4-    Washed  Rend  Coal  and  18\%  Limestone 
Proximate  Analysis  Coke 


Dry  Wet 
V.M.  7.54 

F.C.  64.62  Sulphur  as  CaS 

Ash  27.84  Sulphur  as  CaS04 

Sul.  1.61  FreeCaO  5.10% 

H2O  19.2 


We  Conclude 

1.  That  the  temperature  of  the  coking  mass  is  insufficient 
for  the  complete  transformation  of  S  in  the  coal  to  CaS  in  the 
coke  during  the  coking  process,  and  that  such  temperature  must 
be  over  2100°  F.  perhaps  near  2500°  F.  as  evidenced  by  the  fore- 
going data. 

2.  That  the  temperature  is  insufficient  for  the  complete  for- 
mation of  lime  silicates,  as  evidenced  by  the  free  CaO  in  Tests 
2  and  3. 

3.  That  it  is  not  practicable  to  use  more  limestone  than  will 
combine  with  the  ash  of  the  coal  to  form  a  mono-silicate,  as  evi- 
denced by  Test  No.  4. 

4.  That  the  physical  quality  of  the  coke  is  improved  by  the 
limestone  additions  if  too  much  free  CaO  does  not  remain  in  the 
coke  and  if  such  additions  are  for  the  formation  of  a  mono-sili- 
cate, as  evidenced  by  the  physical  tests  of  the  coke  and  its  physical 
appearance,  provided,  always  that  high  temperatures  prevail  at 
or  near  the  close  of  the  coking  process. 

5.  That  the  decomposition  of  the  limestone  and  the  action 
of  the  resultant  CO4  on  the  incandescent  coke,  forms  high  percent- 
ages of  CO  gas,  which  lowers  the  B.t.u.  value  of  the  whole  gas 
about  10%,  as  evidenced  by  the  gas  analyses. 

6.  That  it  follows  naturally  from  5,  the  percentage  of  >ield 
from  neutral  coke  is  probably  lower  than  the  R/M  coke.  Tests 
No.  2  and  No.  3  showing  between  1%  and  2%  lower  yield  on  an 
average  than  Test  No.  1. 

7.  That  the  coking  time  will  be  extended  by  the  introduction 
of  limestone  into  the  charge,  if  any  beneficial  results  are  to  be 
expected,  as  evidenced  by  Tests  No.  1  and  No.  3. 
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8.  That  the  total  NH3  yield  will  be  increased  quite  materially 
as  evidenced  by  bomb  tests,  the  details  of  which  will  be  given  in  a 
separate  report. 

9.  That  to  attain  sufficiently  high  temperature  in  the  coking 
mass  for  the  desired  chemical  reaction  and  permanent  physical 
qualities  in  the  coke,  will  necessitate  maintaining  the  flues  at 
critical  temperatures,  say:  2700°  to  3000°  F. 

10.  That  the  Diehl-Faber  process  has  but  little  practical 
value  from  a  blast  furnace  standpoint,  unless  all  the  sulphur  is 
converted  to  CaS  during  the  coking  process,  or  unless  a  silicate 
is  formed,  for  the  reasons  that  S  other  than  CaS  will  enter  the 
iron  readily  and  that  the  free  CaO  will  cause  the  coke  to  crumble 
upon  exposure  to  the  atmosphere. 

Neutral  Coke 

80%  Pocahontas  20%  Washed  Rend  and  11%)  Limestone 

Analysis  of  Ash 

Si02    FeaOs  AlaOgCaO    MgO  K2O 
Pocahontas  80%  47.46  13.90  31.90  2.52    1.99  1.89 

Washed  Rend  20%  47.47  15.67  23.06  5.69    1.11  3.92 


Average  47.46  14.25  30.13  3.15    1.81  2.29 


Proximate  Analyses  Coal 

20%  80%  100% 

Washed  Rend  R/M  Pocahontas  Mixture 

V.M.                    39.05  19.09  23.08 

F.C.                     52.34  73.07  68.92 

Ash                       8.61  7.84  8.00 

Sul.                       2.09  .70  .98 


Note. — Mixture  was  based  on  the  above  ash  analyses,  and  the 
pulverization  of  both  coal  and  limestone  was  same  as  in  test 
using  washed  Rend  coal. 
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Coking  Test  No.  1 


Oven  No.  47.    80%  Pocahontas  and  20%  Washed  Rend, 
Battery  No.  5 


Time  Charged 

Time  Pushed 

Coking  Time 
Temperature  as  pushed. 
Hole  No.  1  (Hoskins) 
Hole  No.  2  (Hoskins) 
Hole  No.  3  (Hoskins) 
On  the  Coke  Mass  (Warmer) 
On  the  oven  walls  (Warmer) 
Flue  on  No.  46  (pusher  side)  (Warmer) 
Flue  on  No.  48  (pusher  side)  (Warmer) 


4:38  P.M.  3/7/12 
9:16  a.m.  3/8/12 
16  hr.  38  min. 


1814° 
1814° 
1830° 
1938° 
1992° 
2370° 


2300°  F. 


Physical  Tests 

Shatter  Test  30.5% 

Porosity  45.2% 

Apparent  Sp.  Gr.  .972 

Real  Sp.  Gr.  1.774 


Chemical  Analyses 
Dry  Wet 
V.M.  1.14 

F.C.  87.41  Sulphur  as  CaS  nil 

Ash  11.45  Sulphur  as  CaS04  trace 

Sul.  .61  FreeCaO  nil 

H9O  7.00 


Coking  Test  No.  2 

Oven  No.  7.    80%  Pocahontas,  20%)  Washed  Rend,  and  111% 
Limestone,  Battery  No.  7 

Time  Charged  1 : 27  p.m.  3/8/12 

Time  Pushed  1 : 05  p.m.  3/9/12 

Coking  Time  23  hr.  38  min. 
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Temperatures  as  pushed. 


Hole  No.  1 

(Warmer) 

Not  taken 

Hole  No.  2 

(Warmer) 

1953°  F. 

Hole  No.  3 

(Warmer) 

1895°  F. 

On  Coke  Mass 

(Warmer) 

2010°  F. 

On  Oven  Walls 

(Warmer) 

2156°  F. 

Top  of  Coke 

Hole  No.  1 

(Warmer) 

2005°  F. 

Hole  No.  2 

(Warmer) 

2055°  F. 

Hole  No.  3 

(Warmer) 

2093°  F. 

Flues  on  pusher  side 

Oven  No.  6 

(Warmer) 

2354°  F. 

Oven  No.  8 

(Warmer) 

2354°  F. 

Flues  in  middle 

Oven  No.  6 

(Warmer) 

2397°  F. 

Oven  No.  8 

(Warmer) 

2426°  F. 

Physical  Tests 
Shatter  Test 
Porosity 

Apparent  Sp.  Gr. 
Real  Sp.  Gr. 


Chemical  Analyses 
Dry  Wet 

V.M.  1.40  Sulphur  as  CaS  .097% 

F.C.  77.85  Sulphur  as  CaS04  .15% 

Ash  20.75  FreeCaO  1.40% 

Sul.  .69 
H2O  2.60 


Conclusion 

The  coke  from  the  80%  Pocahontas — 20%  washed  Rend  and 
llf%  limestone  was  much  larger  and  showed  fewer  spots  than  the 
''blank"  charge,  and  the  transformation  of  S  to  CaS  was  a  very 
small  percentage  —  .097%,  as  evidenced  by  the  physical  and 
chemical  data. 

It  is  interesting  to  note  that  a  fusible  ash  in  the  coke  of  all 
limestone  charges  was  produced,  as,  upon  ashing  the  coke  in  analy- 
sis at  high  temperatures,  it  was  fused  completely. 


19.0% 
42.6% 
1.121 
1.953 
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Bomb  Tests 


Washed  Rend  Coal  and  12\  Limestone 


Test  No.  1 


Kind  of  bomb 
Size  of  Charge 
Temperature  of  Muffle 

(a)  at  begimiing 

(b)  at  end 
Duration  of  test 
Yields 

(a)  Coke 

(b)  Sulphate 

1.  Free 

2.  Combined 

(c)  Gas 

(d)  Tar 


Large  Iron  Bomb 
453.6  grams 

2240°  F. 
2450°  F. 
1  hr.  5  min. 

lost 

20.36 
2.03 

11,000  cu.  ft.  at  75°  F. 
not  done 


V.M. 
F.C. 

Ash 
Sul. 


Chemical  Analyses 

2.30      Sulphur  as  CaS 


68.79 
28.91 
1.68 


Sulphur  as  CaS04 
Free  CaO 


.28% 
.21% 
1.20% 


Note. — The  iron  bomb  melted  at  end  of  test.  The  object  of  this  test 
was  to  show  effect  of  high  temperature  upon  the  formation  of  CaS,  but  it 
is  evident  that  either  the  temperature  of  the  muffle  was  not  attained  in  the 
bomb,  or,  if  attained,  not  for  a  long  enough  time  to  produce  complete 
reaction,  as  evidenced  by  the  CaS — .28.% 


Bomb  Test  No.  2 
Washed  Rend  Coal 


Kind  of  Bomb 
Size  of  Charge 
Temperature  of  Muffle 

(a)  at  beginning 

(b)  at  end 
Duration  of  test 


Small  Iron  Bomb 
30  grams 

1652°  F. 
1652°  F. 
45  min. 
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Yields 


(a)  Coke 

(b)  Sulphate 

1.  Free 

2.  Combined 


59.1% 


16.68 
5.70 

6653  cu.  ft. 
not  done 


(c)  Gas 

(d)  Tar 


Conclusion  on  Bomb  Tests 


1.  That  if  ' 'neutral  coke''  were  made  from  washed  Rend 
coal  the  gas  and  sulphate  yields  would  be  increased,  per  ton 
of  actual  coal  charged,  due  to  well  understood  chemical  reactions. 

2.  That  the  percentage  of  combined  NH3  is  radically  decreased 
by  the  limestone  additions,  as  evidenced  by  the  data  at  hand. 

3.  That,  while  the  volume  of  gas  is  increased  by  the  limestone 
additions,  the  B.t.u.  value  is  decreased;  consequently,  there  will 
be  a  smaller  percentage  of  available  gas. 


J 

I 


1 

I 
I 

I 

,1 

\ 
! 

! 

i 


UNIFORM  OIL  INSPECTION  FROM  A  LEGAL 
POINT  OF  VIEW 


By  C.  D.  Chamberlain 
Cleveland,  Ohio 

The  question  was  once  asked  of  a  famous  jurist  by  a  student 
in  his  office  as  to  what  is  the  first  essential  in  winning  a  law  suit. 
The  answer  was,  "Facts."  The  first  question  your  attorney  will 
ask  you  when  you  bring  your  case  to  his  attention  to  engage  his 
services  in  your  behalf  is,  "What  is  your  proof?"  He  must  know 
all  the  facts,  and  so  in  discussing  any  question  the  first  inquiry 
should  be  for  all  the  facts  pertinent  and  material  to  the  question 
to  be  examined.    So  in  this  question,  what  are  the  facts? 

Petroleum  is  the  substance  dealt  with.    What  is  it? 
Webster  says: 

"Rock  oil,  mineral  oil,  or  natural  oil,  a  dark  brown  or  greenish 
inflammable  liquid,  which  at  certain  points  exists  in  the  upper 
strata  of  the  earth,  whence  it  is  pumped  or  forced  by  pressure  of 
the  gas  attending  it. 

''Petroleum  consists  of  a  complex  mixture^ of  various  hydro- 
carbons, and  varies  much  in  appearance,  composition  and 
properties. 

"Petroleum  is  refined  by  fractional  distillation,  jdelding  suc- 
cessively volatile  products,  kerosene,  lubricating  oils  and  par- 
affine." 

Webster  gives  the  volatile  products  in  their  order  of  volatility 
from  Pennsylvania  crude  petroleum  as: 


"Products 
Cymogene 
Rhygolene 
Petroleum  Ether 
Gasoline 
Naphtha 
Ligroine 
Benzine 


Sp.  Gr.    Boiling  point 


110°  B. 
100°  B. 

81°  B. 

73°  B. 

70°  B. 

62°  B. 

57°  B. 


32°  F. 

65°  F. 
158°  F. 
194°  F. 
230°  F. 
248°  F. 
300°  F. 
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Uses 

Refrigerant. 

Anaesthetic 

Carburetant 

Solvent;  fuel;  illuminant. 
Solvent;  fuel;  illuminant. 
Solvent;  illuminant. 
Solvent." 
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Cymogene  is  a  gas  except  at  low  temperatures.  The  others 
are  volatile  fluids,  and  in  the  ordinary  process  of  refining  the  first 
two  are  not  produced. 

Following  in  the  order  of  distillation  is  kerosene,  below  which 
the  products  are  not  required  except  in  a  few  states  to  meet  any 
tests;  hence  need  not  be  considered. 

Commercially  the  volatile  fluids  are  of  from  two  to  four  times 
the  value  of  kerosene,  and  are  carefully  extracted  from  it  by  a 
second  distillation  by  steam. 

Technically  none  of  the  products  of  petroleum  are  explosive, 
and  are  dangerous  only  because  of  their  volatility  and  inflam- 
mability. 

When  hydro-carbon  vapor  is  mingled  with  air  in  the  right  pro- 
portions to  form  a  critical  mixture,  such  mixture  will,  if  ignited, 
explode  with  much  force.  The  critical  range  is  from  5  to  15% 
of  vapor. 

USES 

The  products  of  petroleum  are  employed  in  a  multitude  of 
uses  too  numerous  in  a  brief  address  to  mention,  but  so  far  as 
put  to  any  test  by  legal  requirements  in  this  country  the  chief 
are  for  illumination,  heat,  power  and  as  solvents,  and  the  entire 
series  of  such  products  are  for  those  purposes. 

CHARACTERISTICS 

Petroleum  is  produced  from  several  strata  in  New  York,  Penn- 
sylvania, Ohio,  West  Virginia,  Tennessee  and  Kentucky  on  the 
western  slope  of  the  Appalachian  Range,  the  axis  of  production 
corresponding  with  that  of  the  range.  This  is  called  "Pennsyl- 
vania crude"  and  is  about  44  degrees  B.,  its  base  being  parafl&ne. 

The  Pennsylvania  field  is  the  oldest, — discovered  in  1859.  The 
next  chronologically  is  the  California  field,  of  a  heavy  asphaltum 
base  and  about  24  degrees  B.  The  Trenton  Rock  field  of  Ohio 
and  Indiana  comes  next  in  point  of  time,  and  is  of  parafl&ne  base 
of  about  36  degrees  B.  impregnated  with  sulphur.  The  Kansas- 
Oklahoma  or  Mid-Continent  field  follows,  of  a  mixed  asphaltum 
and  paraffine  base  of  about  34  degrees  B.  At  about  the  same  time 
the  costal  production  of  Texas  came  in,  of  a  heavy  asphaltum 
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base  similar  to  the  California  crude  and  of  about  the  same  gravity 
B.  which  extended  to  Louisiana  where  the  oil  was  of  lighter  gravity 
and  contains  paraffine.  The  next  and  last  important  field  is  that 
of  Illinois,  of  a  mixed  base  of  paraffine  and  asphaltum. 

The  products  from  the  crudes  of  all  fields  are  similar  in  their 
main  characteristics  and  differ  only  in  quantities  of  each  produced 
and  in  density  and  purity,  or  at  least  so  nearly  that,  from  a  legal 
consideration,  they  may  be  regarded  the  same. 

BASIS   OF   INSPECTION  LAWS 

The  right  to  require  that  products  of  petroleum  be  subjected 
to  certain  tests  before  being  offered  to  the  public  for  use  rests 
upon  the  maxim  " Salus  populi  suprema  est  lex."  The  power  to 
provide  and  enforce  this  law  is  one  of  the  powers  reserved  to  the 
states,  except  in  the  proper  regulation  of  interstate  commerce 
by  the  Federal  Government. 

In  United  States  vs.  Dewitt,  9  Wall,  4^,  the  Supreme  Court  say: 

"By  the  Internal  Revenue  Act  of  March  2,  1867,  14  Statutes 
at  Large  484,  a  penalty  was  imposed  upon  any  person  who  should 
mix  for  sale  naphtha  and  illuminating  oils,  or  who  knowingly  sells 
or  keeps  for  sale  such  mixture,  or  who  should  sell  or  offer  for  sale 
oil  made  from  petroleum  for  illuminating  purposes,  inflammable 
at  less  temperature  or  fire  test  than  110  degrees  Fahrenheit. 

"We  held  that  to  be  simply  a  police  regulation,  relating  ex- 
clusively to  the  internal  trade  of  the  States;  although  emanating 
from  Congress,  that  it  could  have  by  its  own  force  no  constitu- 
tional operation  within  State  limits,  and  was  without  effect,  ex- 
cept where  the  legislative  authority  of  Congress  excluded,  ter- 
ritorially, all  State  legislation,  as  for  example,  the  District  of 
Columbia. " 

In  Patterson  vs.  Kentucky,  97  U.  S.  501,  the  same  Court  say: 
"By  the  settled  doctrine  of  this  Court  the  police  power  [of  the 
States]  extends,  at  least,  to  the  protection  of  the  lives,  the  health 
and  the  i)roperty  of  the  community  against  the  injurious  exercise 
by  any  citizen  of  his  own  rights.  State  legislation  strictly  and 
legitimately  for  police  purposes,  does  not,  in  the  sense  of  the 
Constitution,  necessarily  intrench  upon  any  authority  which 
has  been  confided  expressly  or  by  necessary  implication  to  the 
National  Government. 
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'^The  Kentucky  statute  under  examination  manifestly  belongs 
to  that  class  of  legislation.  It  is  in  the  best  sense,  a  mere  police 
regulation  deemed  essential  for  the  protection  of  the  lives  and 
property  of  its  citizens.  It  expresses  in  the  most  solemn  form 
the  deUberate  judgment  of  the  State  that  burning  fluids  which 
ignite  and  permanently  burn  at  less  than  a  prescribed  tempera- 
ture are  unsafe  for  illuminating  purposes.  Whether  the  policy 
thus  pursued  by  the  State  is  wise  or  unwise,  is  not  in  the  province 
of  the  national  authorities  to  determine.  That  belongs  to  each 
State  under  its  own  sense  of  duty,  and  in  view  of  its  own  consti- 
tution. Its  action  in  those  respects,  is  beyond  the  corrective  power 
of  this  Court." 

The  above  opinions  from  the  highest  judicial  authority  clearly 
place  the  necessary  supervision  of  what  regulations  are  to  be  made 
in  the  sale  and  use  of  petroleum  products  within  the  police  power 
of  the  states.  This  power  restrains  and  regulates,  for  the  pro- 
motion of  the  public  welfare,  the  natural  or  common  liberty  of 
the  citizen  in  the  use  of  his  personal  faculties  and  of  his  property. 
It  rests  upon  the  legal  maxim,  Sic  utere  tuo  ut  alianum  laedas.'^ 
The  power  is  sovereign  and  has  been  spoken  of  as  infinite  su- 
premacy; but  the  exercise  of  this  power,  that  is,  the  regulations 
prescribed  by  legislative  enactment,  must  be  reasonable. 

In  the  case  of  W.  M.  &  P.  R.  R.  Co,  vs.  Jacohson,  179  U.  S. 
287 J  the  Supreme  Court  say: 

''A  statute  or  a  regulation  provided  for  therein,  is  frequently 
valid,  or  the  reverse,  according  as  the  fact  may  be,  whether  it 
is  a  reasonable  or  an  unreasonable  exercise  of  legislative  power 
over  the  subject  matter  involved,  and  in  many  cases  questions 
of  degree  are  the  controlhng  ones  by  which  to  determine  the  val- 
idity or  the  reverse  of  legislative  action." 

And  in  Davidson  vs.  New  Orleans,  96  U.  S.  97: 

"  But  it  does  not  follow  that  every  act  of  legislation  is  due 
process  or  the  law  of  the  land;  and  arbitrary  statute  is  neither." 
Freund  on  PoUce  Powers"  at  section  148  says: 
The  peculiar  difficulty  of  safety  and  health  legislation  is  that 
the  possible  causes  of  injury  to  persons  and  property  are  extremely 
numerous  and  practically  ubiquitous,  that  there  is  hardly  any 
industry  in  which  they  may  not  be  found  if  sought  for,  and  that 
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while  the  danger  is  often  sHght  and  remote  the  measure  devised 
to  combat  it  may  profoundly  affect  economic  interests,  favoring 
one  set  of  interests  and  prejudicing  another. 

The  questions  which  present  themselves  in  the  examination 
of  a  safety  or  health  measure  are:  Does  a  danger  exist?  Is  it 
of  sufficient  magnitude?  Does  the  proposed  measure  tend  to 
remove  it?  Does  it  concern  the  public?  Is  the  restraint  or  require- 
ment in  proportion  to  the  danger?  Is  it  possible  to  secure  the 
object  sought  without  impairing  essential  rights  and  principles? 
Does  the  choice  of  a  particular  measure  show  that  some  other 
interest  than  safety  or  health  was  the  actual  motive  of  the 
legislation?" 

From  the  above,  then,  it  would  seem  that  if  there  is  danger 
more  than  ordinarily  attaching  to  other  commodities  of  sale  and 
use  that  there  should  be  inspection.  If  not,  then,  inspection  is 
a  useless  burden. 

From  the  facts  stated  as  a  premise,  it  would  seem  that  no  danger 
exists  in  the  sale  and  use  of  petroleum  and  its  products  caUing 
for  the  regulations  which  exist  in  many  states.  Apply  the  test 
laid  do^yl\  by  Freund,  above  quoted,  each  question  would  be 
answered  in  the  negative.  Danger  does  not  exist  of  sufficient 
magnitude  which  the  regulations  tend  to  remove.  In  other  words, 
no  test  applied  to  gasoUne  reduces  its  tendency  to  vaporize  and 
its  ease  of  ignition.  All  users  of  it  know  these  characteristics, 
and  the  substance  is  bought  and  used  because  of  them. 

The  tests  usually  prescribed  for  gasoline  are  the  gravity  test 
by  Beaume  scale,  since  the  flash  test  is  at  or  below  0.  Obviously 
neither  test  tends  to  lessen  danger,  and  neither  gives  notice  to 
the  public  of  any  latent  danger  in  the  use  thereof. 

So  of  illuminating  oil.  The  test  of  specific  gravity  is  no  warning 
to  the  public  of  any  latent  danger  that  would  otherwise  be  un- 
kno\vTi,  and  the  usual  fire  or  flash  tests  prescribed  by  the  various 
statutes  only  tell  the  judgment  of  the  legislature  of  each  state 
what  the  point  of  safety  by  that  test  is  when  used  for  illumination, 
and  are  no  index  of  absolute  safety. 

While  there  was  in  the  early  jxuiod  of  refining  a  reason  for 
requiring  an  oil  to  stand  a  test  that  made  it  safe  for  use  in  illumi- 
nation, such  reason  no  longer  exists.    Commercial  values  have 
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changed.  Gasoline  is  worth  three  times  illuminating  oil.  Re- 
finers carefully  extract,  by  modern  methods  of  refining,  every 
available  fraction  of  the  volatile  matter.  No  refined  illuminating 
oil  is  now  made  or  offered  for  sale  that  is  not  above  the  test  of 
safety  as  measured  by  the  test  for  export,  and,  as  a  test  for  safety 
is  all  that  the  police  power  can  properly  prescribe,  no  exigency 
remains  for  it  to  provide  against  that  a  test  will  accomplish. 

The  only  uses  to  which  gasoline  and  illuminating  oil  or  refined 
petroleum  can  be  put  are  for  the  production  of  light,  heat,  power 
and  mechanical  use,  and  they  are  never  used  as  foods  or  for  phar- 
maceutical purposes;  consequently,  the  police  power,  if  called 
into  action,  could  only  be  for  the  safety  of  users. 

We  can  readily  understand,  however,  from  the  known  facts 
that  practically  the  exertion  of  police  power  in  this  direction  by 
prescribing  any  tests  accomplishes  nothing. 

PRESENT  CONDITIONS 

From  the  standpoint  of  legislation,  no  subject  is  more  diverse 
and  chaotic  than  the  laws  of  the  different  states  on  this.  In  the 
matter  of  test  of  illuminating  oil  for  the  flask  point,  we  find  that 
ten  states  have  no  oil  inspection  laws:  Alabama,  Arizona,  Cali- 
fornia, Florida,  Mississippi,  Nevada,  Oregon,  South  Carolina, 
Texas,  Virginia  and  West  Virginia. 

Twenty-two  States  use  the  Tagliabue  tester:  Louisiana,  125°; 
Arkansas,  Illinois,  Indiana,  Missouri,  Tennessee,  120°;  Oklahoma, 
115°;  Connecticut,  Michigan,  110°;  Wisconsin,  105°;  Kentucky 
and  New  Hampshire,  100°;  New  Mexico,  95°;  Idaho,  Maine, 
Minnesota,  Washington,  90°;  Delaware  85°;  Maryland,  Massa- 
chusetts, Pennsylvania  and  Rhode  Island,  80°. 

Six  States  use  Elliott's  tester:  Georgia,  New  York,  North  Car- 
olina, 129°;  Iowa,  South  Dakota  and  Wyoming,  134°. 

Six  States  use  Foster's  tester:  Michigan,  Ohio,  Montana,  110°; 
Nebraska,  102°;  Kansas,  100°;  North  Dakota,  95°. 

Three  States  have  a  test  equal  to  134°  Flash  Tagliabue, 
Three  States  have  a  test  equal  to  129°  Flash  Tagliabue, 
One  State  has  a  test  equal  to  125°  Flash  Tagliabue, 
Five  States  have  a  test  equal  to  120°  Flash  Tagliabue, 
One  State  has  a  test  equal  to  115°  Flash  Taghabue, 
Four  States  have  a  test  equal  to  110°  Flash  Taghabue, 
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One  State  has  a  test  equal  to  105°  Flash  Taghabue, 
One  State  has  a  test  equal  to  102°  Flash  Tagliabue, 
Five  States  have  a  test  equal  to  100°  Flash  Tagliabua, 
Two  States  have  a  test  equal  to  95°  Flash  Tagliabue, 
Four  States  have  a  test  equal  to  90°  Flash  Tagliabue, 
One  State  has  a  test  equal  to  85°  Flash  Tagliabue, 
Four  States  have  a  test  equal  to  80°  Flash  Tagliabue, 
All  have  an  average  of  106°  Flash  Tagliabue. 
In  foreign  countries  a  much  greater  uniformity  prevails.  Their 
tests  are: 

Great  Britain  — 73°  Flash  Test  Abel,  equal  to  100°  Flash, 
Australia  —  70°  Flash  Test  Abel-Pensky,  equal  to  97°  Flash, 
New  Zealand  —  100°  Flash  Test  Tagliabue,  equal  to  100°  Flash, 
Barbadoes  —  83°  Flash  Test  Abel,  equal  to  110°  Flash, 
Bermuda  — 73°  Flash  Test  Abel,  equal  to  100°  Flash, 
Br.  Honduras  —  100°  Flash  Test  Taghabue,  equal  to  100°  Flash, 
Canada  — 85°  Flash  Test  Abel,  equal  to  112°  Flash, 
Ceylon  — 73°  Flash  Test  Abel,  equal  to  100°  Flash, 
Denmark  — 73°    Flash    Test    Abel,    equal    to    100°  Flash 
France  —  95°  Flash  Test  Granier,  equal  to  90°  Flash, 
Germany  —  69.8°  Flash  Test  Abel-Pensky,  equal  to  96.8°  Flash, 
Holland  —  69.8°  Flash  Test  Abel-Pensky,  equal  to  96.8°  Flash, 
India  — 73°  Flash  Test  Abel-Pensky,  equal  to  100°  Flash, 
Italy  — 75°  Flash  Test  Abel-Pensky,  equal  to  102°  Flash, 
Japan  — 86°  Flash  Test  Abel-Pensky,  equal  to  113°  Flash, 
Norway  —  71.6°  Flash  Test  Abel-Pensky,  equal  to  98.6°  Flash, 
Russia  —  82.4°  Flash  Test  Abel-Pensky,  equal  to  109.4°  Flash, 
Spain  —  No  test  required, 

Sweden  —  71.6°  Flash  Test  Abel-Pensky,  equal  to  98.6°  Flash. 

Average  test  of  all  foreign  countries  —  10}/^°  Flash. 

No  uniformity  exists  in  the  instruments  prescribed  or  the  use 
of  them,  no  uniformity  in  the  execution  and  administration  of 
the  laws,  and  none  in  the  charges  or  fees  for  inspection,  so  that, 
a  refiner  must  consult  the  statutes  of  each  state  before  making 
his  oil  ready  for  shipment,  in  fact,  must  manufacture  each  lot 
of  oil  to  fit  the  requirements  of  the  particular  state  at  a  considerable 
economic  loss  both  in  manufacturing  and  selling. 

It  is  true  that  many  of  the  laws  would  not  stand  the  scrutiny 
of  the  courts  when  the  facts  were  properly  and  intelligently  brought 
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to  their  notice  in  a  judicial  way,  but  the  refiner  cannot  afford 
to  challenge  the  law  of  each  State  by  expensive  litigation,  with 
the  legal  presumption  in  favor  of  the  statute  no  matter  how 
arbitrary  or  unreasonable. 

LEGAL  PRECEDENTS 

Probably  the  burden  of  contesting  the  vaUdity  of  the  laws 
governing  the  sale  and  use  of  petroleum  products  accounts  for 
the  few  decisions  that  have  been  handed  down  and  the  fact  that 
many  of  them  are  adverse  to  the  facts  well  known  to  those  en- 
gaged in  the  oil  business.  Certainly  they  are  not  sufficient  in 
number  or  uniformity  to  invoke  the  rule  of  stare  decisis.  The 
tendency  of  such  decisions  as  have  been  made  probably  from 
insufficient  knowledge  is  even  more  alarming  to  the  seller  of  oil 
than  the  exactions  of  statutes,  and  points  to  the  ultimate  liability 
of  insurer  by  all  sellers  of  oil.  For  instance,  in  State  vs.  Boylan, 
79  Conn.  4.63,  the  court  held: 

That  inasmuch  as  the  statute  did  not  prescribe  what  instru- 
ment or  method  should  be  used  in  determining  the  point  of 
inflammability,  the  law  would  require  the  use  of  such  reasonably 
accessible  instruments  and  methods  as  would  most  accurately 
ascertain  that  point;  leaving  the  determination  of  what  particu- 
lar instrument  or  method  was  the  most  accurate  and  reliable, 
in  case  of  a  conflict  upon  that  subject,  to  the  decision  of  the  jury." 

Every  one  knows  the  tendency  of  the  ordinary  jury  in  a  damage 
case,  especially  where  a  casualty  is  the  outcome  of  the  accident. 
Is  the  seller  at  the  mercy  of  the  jury  in  the  State  of  Connecticut 
every  time  he  sells  oil  there?  That  is  the  rule  of  law.  The  in- 
spection or  the  law  under  which  the  inspector  acts  is  no  defense 
in  a  damage  case,  if  it  be  the  rule  of  law  in  Iowa,  as  held  in  Hatcher 
vs.  Dunn,  71  N.  W.  343: 

''Under  Acts  20  General  Assembly  c.  185  sec.  11,  providing 
that  if  any  inspector  of  illuminating  oil  shall  falsely  brand  the  same 
or  be  guilty  of  fraud  or  culpable  neghgence,  he  shall  be  deemed 
guilty  of  a  misdemeanor  and  punished  therefor,  an  inspecting 
officer  who  uses  instruments  approved  and  furnished  by  the  State 
Board  of  Health,  and  which  he  has  reason  to  believe  are  in  bad 
order,  if  he  uses  them  with  due  care,  and  correctly  brands  the  oil 
inspected  according  to  the  results  shown  by  the  test,  is  not  liable 
for  any  error  which  may  have  occurred." 
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Also  in  Hourigan  vs.  Nowall,  110  Mass.  1^10: 
"  In  an  action  under  the  Statute  of  1869  c.  152,  to  recover  for 
injuries  caused  by  the  explosion  of  illuminating  oil,  which  had 
been  sold  by  defendant,  and  did  not  conform  to  the  standard 
fixed  by  the  statute,  it  is  no  defence  either  that  the  defendant 
was  ignorant  that  it  did  not  so  conform,  or  that  an  authorized 
inspector  has  authorized  that  it  did;  and  if  the  person  injured 
was  using  such  care  as  would  have  been  proper  had  the  oil  con- 
formed to  that  standard,  the  jury  will  be  warranted  in  finding 
that  she  was  in  the  exercise  of  due  care." 

The  above  decisions  come  dangerously  near  to  being  within 
the  doctrine  of  res  ipsa  loquitur.  The  seller  of  illuminating  oil 
may  feel  that  he  only  guarantees  his  product  as  safe  for  the  pur- 
poses for  which  it  is  sold,  viz.:  for  illumination,  and  that  if  the 
purchaser  uses  it  for  kindhng  a  fire,  or  accelerating  a  fire  already 
burning,  that  he  has  no  liabihty  for  damages  resulting  from  such 
use,  yet,  in  Waters-Pierce  Oil  Co.  vs.  Deselms,  212  U.  S.  158, 
the  court  say: 

"  A  court  may  judicially  notice  the  existence  in  the  community 
of  a  general  custom  to  use  oil  in  kindhng  fires.  Submitting  to 
the  jury  the  question  of  the  existence  of  a  custom  or  usage  to  use 
coal  oil  in  kindling  fires  is  not  prejudicial  error,  where  the  custom 
in  the  community  is  so  universal  as  to  justify  the  court  in  taking 
judicial  notice  of  its  existence." 

This  in  spite  of  the  almost  proverbial  negligence  of  the  use  of 
oil  in  kindhng  fires.  Other  cases  might  be  cited  to  the  same  in- 
tent, but  enough  has  been  noticed  to  show  the  necessity  for  an 
intelligent  study  of  the  question,  a  correct  and  scientific  analysis 
of  what  is  proper  and  justifiable  legislation,  and  what  and  who 
should  fall  within  such  regulation. 

Oil  and  gasoline  will  not  explode.  When  circumstances  arise 
from  which  the  vapor  from  either  mingles  with  the  atmosphere 
to  a  critical  point,  a  severe  explosion  may  follow  ignition.  The 
j)r(jviTioe  of  police  power,  then,  is  to  make  such  regulations  as 
will  })revent  such  circumstances,  and  these  can  not  be  accomplished 
by  any  tests.  The  red  can  for  gasoline,  preventing  its  being  mis- 
taken for  oil,  is  a  proper  regulation;  forbidding  the  use  of  either 
except  at  one's  own  risk  for  kindling  fires,  is  a  proper  pohce  regu- 


100 


Original  Communications:  Eighth  International  [vol. 


lation;  and  a  recognition  of  negligence  per  se  by  such  misuse 
of  carbon  oil  by  judicial  notice,  will  tend  to  lessen  casualties  and 
bring  to  the  attention  of  the  public  that  such  danger  is  assumed 
at  the  peril  of  the  user  with  no  redress  upon  the  seller. 

This,  society  can  not  do  better  than  to  clarify  the  confusion 
of  facts  for  use  in  judicial  determination,  and  so  relieve  a  nec- 
essary and  useful  business  of  an  entanglement  of  embarrassments. 

The  most  rational  legislation  that  has  been  adopted  is  found 
in  the  Act  of  the  Pennsylvania  Legislature  of  1911.  It  makes 
it  the  duty  of  the  Manufacturer  to  test  for  safety  and  prescribes 
the  test  and  methods  of  testing,  and  provides  a  penalty  for  failure 
to  comply.   The  text  of  the  statute  is: 

"LAWS  OF  PENNSYLVANIA,  SESSION  OF  1911, 
(Page  869) 

An  Act 

"  To  provide  a  standard  of  tests  for  illuminating  oils,  to  provide  a 
penalty  for  violating  the  provisions  of  this  act,  and 
repealing  former  acts. 

Section  1.  Be  it  enacted,  &c.,  That  no  refined  petroleum  oil 
for  illuminating  purposes  shall  be  manufactured,  sold  or  offered 
for  sale  by  any  person,  firm,  or  corporation,  within  the  Com- 
monwealth of  Pennsylvania  having  a  fire  test  lower  than  110 
degrees,  TabUabue's  open  cup,  according  to  the  following  formula: 
Fill  the  water-bath  of  the  apparatus  with  water  of  a  temperature 
under  80  degrees  Fahrenheit;  fill  the  oil  cup  of  the  apparatus, 
to  a  point  one-quarter  of  an  inch  below  the  top  of  the  same,  with 
the  oil  to  be  tested;  when  the  said  oil  is  at  a  temperature  under 
80  degrees  Fahrenheit,  suspend  a  round  bulb  thermometer, 
graduated  in  single  degrees  Fahrenheit,  so  that  the  bulb  is  just 
submerged  in  the  oil  to  be  tested  and  is  in  the  center  of  the  surface 
of  the  oil;  heat  the  water-bath  with  a  lamp,  the  flame  of  which 
can  be  regulated,  so  that  the  temperature  of  the  oil  to  be  tested 
shall  rise  at  the  rate  of  not  less  than  2  nor  more  than  3  degrees 
Fahrenheit  a  minute  until  the  temperature  of  90  degrees  Fahren- 
heit is  reached.    At  this  point  remove  the  lamp,  and  when  the 
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temperature  of  the  oil  to  be  tested,  as  indicated  by  the  thermometer, 
has  reached  95  degrees  Fahrenheit,  try  for  a  flash  with  a  small 
bead  of  fire  passed  slowly  over  the  surface  of  the  oil  in  the  cup 
and  within  a  quarter  of  an  inch  from  said  surface.  If  the  oil 
does  not  take  fire  and  continue  to  burn,  replace  the  lamp  under 
the  water-bath,  thereby  heating  the  oil  at  the  previously  described 
rate  until  the  temperature  of  95  degrees  is  reached;  then  again 
remove  the  lamp,  and,  when  the  oil  has  risen  to  the  temperature 
of  102  degrees  Fahrenheit,  try  for  flash  and  burn  in  the  same  man- 
ner as  at  the  temperature  of  95  degrees  Fahrenheit.  Repeat 
these  operations,  trying  for  the  burn  at  seven-degree  intervals, 
until  the  oil  in  the  cup  takes  fire  and  burns  continuously.  The 
temperature  at  which  such  continuous  burning  takes  place  shall 
be  considered  the  '  Fire  Test, '  and  the  temperature  at  which  the 
vapors  from  the  oil  first  ignite,  but  do  not  burn  continuously, 
shall  be  considered  the  'Flash  Test.' 

''Section  2.  That  any  person  or  persons,  firm,  corporation 
or  corporations,  or  ofiicer  or  officers  thereof,  violating  the  pro- 
visions of  Section  1  of  this  Act,  shall,  upon  conviction,  be  subject 
to  a  fine  not  to  exceed  five  hundred  dollars  ($500.00),  or  imprison-, 
ment  not  more  than  six  months,  at  the  discretion  of  the  court. 

"Section  3.  This  act  shall  be  in  force  from  and  after  ninety 
days  from  its  passage;  and  all  acts  or  parts  of  acts  inconsistent 
with  the  provisions  and  purposes  of  this  act  to  be  and  the  same 
are  hereby^^repealed." 


USE  OF  FUELS  IN  THE  UNITED  STATES  NAVY 


By  H.  I.  Cone 
U.  S.  N.,  Washington,  D.  C. 


The  fuels  used  in  the  Navy  are  coal,  fuel  oil,  and  gasoline. 
Coal  must  have  certain  characteristics  to  make  it  suitable  for 
Naval  use. 

One  of  the  most  important  strategical  requirements  of  a  war- 
ship is  her  ability  to  steam  great  distances  without  recoaling. 
Another  is  her  ability,  in  time  of  need,  to  make  high  speeds.  As 
both  bunker  capacity  and  boiler  power  are  limited  by  other  feat- 
ures of  design,  it  follows  that  the  coal  must  have  the  greatest 
thermal  efficiency  obtainable  in  connection  with  the  other  neces- 
sary characteristics. 

Considerations  of  weight  and  space  impose  certain  restrictions 
upon  boiler  design.  In  naval  boilers  the  ratio  between  cubic 
foot  of  combustion  space  and  pounds  of  fuel  consumed  per  minute 
is  necessarily  much  less  than  in  other  types.  The  effect  may  be 
most  readily  grasped  if  expressed  in  terms  of  the  length  of  time 
that  a  given  volume  of  the  gases  generated  by  the  burning  coal 
remains  in  the  furnace.  The  following  figures  are  quoted  from  a 
report  of  the  Bureau  of  Mines  of  the  Interior  Department: 


It  is  apparent  from  the  foregoing  that  naval  coal  must  be  as 
low  as  possible  in  volatile  content.  This  second  characteristic 
is  as  important  as  the  first,  for  it  matters  little  if  the  coal  is  high 
in  B.T.U.S.  but  is  of  such  chemical  composition  that  too  many 
of  them  group  the  smoke  pipe  in  the  form  of  unconsumed  gases 
and  tarry  vapors.  But  it  is  usually  difficult  to  get  a  coal  producer 
to  admit  the  inferiority  of  his  product  for  naval  use  when  a  chemist 


Fuel  per  hr. 


Time  each  cu.  ft 
of  gas  stays  in 


Torpedo  Boat  Boiler 
Modern  Locomotive 
Stationary  (Heine) 


.077  seconds 
.17  seconds 
.58  seconds 


furnace 
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has  certified  that  laboratory  analysis  shows  it  to  contain  as  many 
thermal  miits  as  coal  that  the  Navy  is  buying,  but  to  run  perhaps 
20%  less  in  fixed  carbon. 

High  volatile  coals  are  usually  very  smoky  in  naval  boilers. 
Smoke  not  only  reveals  the  location  of  the  fleet  but  might  fatally 
interfere  with  accuracy  of  gunfire. 

Amoimt  of  ash  is  a  characteristic  affecting  not  only  the  ulti- 
mate thermal  eflaciency  to  a  greater  degree  than  laboratory  analy- 
ses may  indicate,  but  also  the  amount  of  labor  involved  in  dis- 
posing of  the  refuse.  Exhaustion  of  the  firemen  may  be  the 
determining  factor  in  battle. 

Amount  and  nature  of  clinkers  has  the  same  bearing  as  ash. 
Some  coals  suitable  in  other  respects  fuse  to  the  grates  to  an  extent 
which  soon  shuts  off  the  air  supply;  their  removal  is  the  most 
exhausting  work  a  fireman  has  to  do. 

Coal  should  coke  readily  to  avoid  loss  through  the  grates  as 
fires  have  to  be  ''worked"  vigorously  when  steaming  at  high  powers, 
and  during  the  frequent,  sudden  and  great  changes  in  speed 
incident  to  fleet  manoeuvres. 

The  final  characteristic  is  cost.  It  is  fortunate  for  the  Navy 
that  the  coals  which  best  fulfill  all  the  other  characteristics  are 
usually  the  cheapest  in  dollars  and  cents  per  horse  power  developed. 

Extended  experience  under  service  conditions  and  numerous 
special  tests  show  that  the  semi-bituminous  coal  from  the  great 
fields  in  Southeastern  West  Virginia,  Western  Maryland  and 
Southern  Pennsylvania  are  the  American  coals  which  best  fulfill 
these  requirements.  They  comprise  the  great  bulk  of  all  the  coal 
used  in  our  Navy,  both  at  home  and  on  foreign  stations.  In 
special  cases  where  it  is  desirable  or  necessary  for  ships  remote 
from  Government  colliers  or  Government  coal  piles  to  purchase 
coal,  Admiralty  Welsh  is  usually  selected  if  American  coal  of 
the  required  kind  is  not  obtainable  at  lesser  cost.  Welsh  coal  is 
not  different  from  ours  in  its  performance  in  naval  boilers,  but 
is  much  more  likely  to  cause  trouble  from  explosive  gases  in  the 
bunkers. 

Coal  equal  or  superior  to  the  American  coals  now  used  is  thought 
to  exist  in  great  quantities  in  Alaska,  but  it  seems  questionable 
whether  the  fields  will  be  developed  sufficiently  to  supply  even  a 
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part  of  the  Navy's  needs  before  the  time  when  most  of  the  coal 

burning  ships  will  have  been  written  off  the  Navy's  books. 
The  advantages  of  oil  as  compared  with  coal  are : 
An  evaporation  per  pound  of  fuel  in  the  ratio  of  about  14  to  9, 

and  per  square  foot  of  heating  surface  in  about  the  ration  of  10 

to  8. 

Fuel  can  be  taken  aboard  more  rapidly  without  manual  labor, 
and  without  interruption  to  the  routine  of  the  ship.  The  problem 
of  fueling  at^sea  is  solved. 

Steam  for  full  power  can  be  maintained  as  readily  as  for  low 
power.  A  vessel  burning  oil  is  capable  of  runs  at  full  speed  limited 
in  duration  only  by  the  supply  of  fuel.  There  is  no  reduction  in 
speed  due  to  dirty  fires  or  to  difficulty  in  trimming  coal  from  re- 
mote bunkers,  or  to  exhaustion  of  the  fireroom  force. 

There  are  no  cinders  and  the  amount  of  smoke  can  be  controlled. 

A  considerable  reduction  in  personnel  is  possible. 

The  weight  and  space  required  for  boilers  is  reduced.  F  rst, 
by  the  reduction  in  heating  surface  required,  and  second,  by  the 
shortening  of  firerooms.  Consequent  on  the  reduction  in  heating 
surface  is  a  decrease  in  weight  and  cost  of  boilers. 

Coal  and  ash  handling  gear  is  eliminated.  This  renders  un- 
necessary the  piercing  of  the  hull  for  coal  trunks  and  discharges 
from  the  ash  expellers  or  ash  ejectors. 

The  stowage  and  handling  of  oil  is  much  easier  than  of  coal  and 
will  result  in  a  much  cleaner  ship  with  consequent  increase  in 
time  available  for  drills. 

The  mechanical  supply  of  fuel  to  the  boilers  gives  a  prompt 
and  delicate  control  of  the  steam  supply,  permitting  more  sudden 
changes  in  speed  than  with  coal,  which  is  a  tactical  advantage. 

The  nature  of  fuel  oil  permits  utilization  of  remote  portions  of 
the  ship  and  of  constricted  spaces  for  its  stowage. 

These  advantages  have  long  been  recognized  by  the  Navy  and 
there  have  been  experiments  with  liquid  fuel  dating  back  as  far 
as  1867.  All  these  experiments  have  confirmed  our  behef  in  he 
considerable  military  advantages  which  will  accrue  from  its  use, 
but  until  recently  it  has  been  impracticable  to  use  it  extensively 
on  account  of  the  uncertainty  as  to  the  adequacy  of  its  supply  and 
the  sufficiency  of  its  distribution  among  the  seaports  of  the  world. 
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We  are  now  assured,  however,  as  regards  the  supply,  that  there  is 
sufficient  oil  on  the  public  lands  of  the  State  of  California  alone 
to  supply  all  probable  naval  demands  for  one  hundred  years  should 
oil  be  burned  to  the  exclusion  of  coal,  and  of  course  there  is  con- 
siderable oil  in  other  portions  of  U.  S.  territory.  The  question 
as  to  the  distribution  of  oil  among  the  ports  from  which  fuel 
might  be  required  by  our  vessels  in  time  of  war  is  one  that  is 
well  within  our  power  to  solve,  as  from  its  nature  the  oil  can  be 
transported  and  stored  more  easily  than  can  coal.  ^  Indeed  for 
the  transport  of  oil  in  time  of  war  we  are  already  better  provided 
than  for  coal,  there  being  a  large  number  of  tank  steamers  flying 
the  American  flag. 

Oil  is  therefore  certain  rapidly  to  replace  coal  as  a  fuel  for  Naval 
purposes. 

Since  1907  all  torpedo  boat  destroyers  contracted  for,  of 
which  there  are  29,  burn  oil  exclusively,  and  the  battleships 
Delaware,  North  Dakota,  Florida,  Utah,  Wyoming,  Arkansas, 
Texas  and  New  York,  contracted  for  during  this  period, 
are  fitted  to  burn  oil  as  auxiliary  to  coal,  each  of  these 
vessels  carrying  about  400  tons  of  the  liquid  fuel,  to  be  burned  at 
full  power  after  the  coal  fires  become  dirty,  or  when  it  becomes 
difficult  to  trim  coal  from  the  bunkers  into  the  firerooms.  In  the 
case  of  these  battleships  the  advantages  of  the  oil  have  so  ap- 
pealed to  the  personnel  that  oil  alone  is  burned  to  a  great  extent 
in  port,  and  to  some  extent  while  cruising,  although  the  installa- 
tion of  the  oil-burning  equipment  did  not  contemplate  these  uses. 

The  Nevada  and  Oklahoma,  the  two  battleships  which 
have  recently  been  contracted  for,  will  burn  oil  exclusively. 
This  is  perhaps  the  most  radical  development  in  Naval  engineer- 
ing since  the  advent  of  the  turbine.  It  has  permitted  in  the  case 
of  these  vessels  a  reduction  in  boiler  weights,  which  has  made 
possible  the  use  of  heavier  armor  than  has  hitherto  been  employed. 
The  reduction  in  length  of  boiler  compartments  has  permitted 
the  grouping  of  all  boilers  under  one  smoke  pipe,  which  course 
clears  the  upper  deck  considerably  and  permits  more  extensive 
arcs  of  fire  for  the  turrets. 

Aside  from  the  use  of  oil  as  fuel  under  steam  boilers,  it  now 
seems  probable  that  within  comparatively  few  years  oil  used  in 
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internal  combustion  engines  will  furnish  the  principal  fuel  for  all 
Naval  vessels.  This  is  in  consequence  of  the  recent  remarkable 
development  of  heavy  oil  engines  of  the  Diesel  type  in  Europe. 
Hitherto,  oil  engines  have  not  merited  much  consideration  for 
large  naval  vessels  on  account  of  the  limited  power  that  could 
be  developed  in  a  single  cy Under.  An  installation  of  any  consider- 
able power  required  a  multiplicity  of  cylinders.  Now,  however, 
we  are  credibly  informed  that  1,000  horsepower  has  been  developed 
in  a  cy  Under  about  33''  in  diameter  with  a  40''  stroke,  at  150 
R.P.M.  in  a  2  cycle  marine  type  readily  reversible  engine.  This 
engine  has  a  speed  control  that  is  satisfactory,  and  an  economy 
of  fuel  consumption  probably  twice  that  of  a  steam  engine. 

In  the  U.  S.  Navy  heavy  oil  engines  built  or  so  far  projected 
are  limited  to  a  number  of  submarine  vessels  and  to  mother 
ships  for  submarines.  The  former  develop  1200  horse  power, 
distributed  between  two  shafts;  the  latter  900  horse  power  on 
one  shaft. 

Gasoline  is  used  as  fuel  for  all  of  our  earlier  submarines  and  for 
a  large  number  of  small  power  boats  carried  by  warships.  Its 
use  is  likely  to  be  discontinued  entirely  as  soon  as  suitable  heavy 
oil  motors  for  the  small  power  boats  are  developed.  As  stated 
above  heavy  oil  engines  are  already  supplanting  gasoline  engines 
in  submarines. 


THE  OXIDATION  AND  DETERIORATION  OF  COAL 


By  Alvin  J.  Cox 
Chief,  Division  of  General,  Inorganic  and  Physical  Chemistry, 
Bureau  of  Science,  Manila,  P.  I. 

Omng  to  the  necessity  of  storing  coal  and  to  the  fact  that  it  is 
being  stored  in  increasing  amounts  from  year  to  year,  it  appears 
desirable  to  investigate  the  changes  which  take  place  when  coal 
is  exposed  to  the  air.  Probably  the  most  notable  of  these  changes 
is  the  direct  addition  of  oxygen,  and  it  is  this,  with  its  accompany- 
ing reactions,  which  I  desire  to  discuss.  When  one  considers  the 
comparative  uniformity  of  the  composition  of  coals,  it  is  not  sur- 
prising that  the  capacity  to  absorb  oxygen  should  be  a  common 
property.  On  the  other  hand,  there  is  a  decided  difference  be- 
tween the  kinds  of  coal,  and  the  rate  and  amount  of  the  oxygen 
absorption  partly  depends  on  this  factor. 

The  literature  is  full  of  extravagant  statements  concerning  the 
results  of  the  exposure  of  coal  to  atmospheric  conditions,  yet 
much  reliable  data  has  been  published  on  this  subject  and  the  idea 
is  generally  accepted  that  a  change  occurs  in  bituminous  and  lower 
grades  of  coal  which  is  of  sufficient  magnitude  to  make  it  of  indus- 
trial significance.  But  the  economic  importance  of  the  ever-present, 
slow  oxidation  of  coal  is  probably  under-estimated,  and  much 
additional  investigation  must  be  carried  on  before  we  shall  arrive 
at  a  complete  understanding  of  all  the  factors  which  influence  the 
deterioration  of  coal.  It  seems  undesirable  in  this  paper  to  discuss 
the  literature  of  the  subject  in  detail,  and  I  shall  confine  myself 
chiefly  to  the  results  of  my  own  experimental  work.  I  began  this 
study  in  1908.  I  have  selected  samples  of  coal  for  my  investiga- 
tion from  some  of  the  best  sources  in  the  Philippines. 

Sample  No.  1  is  a  coal  from  the  Military  Reservation,  Batan 
Island,  several  tons  of  which  were  shipped  in  sacks  direct  from  the 
mine  to  the  Bureau  of  Science  for  a  steaming  test.  During  the 
test,  one  hundred  kilograms  were  collected,  a  shovelful  at  a  time, 
and  from  this  a  small  sample  v»as  secured  by  quartering  and  re- 
ducing the  size  of  the  pieces  to  that  of  a  small  marble.    A  two-Uter 
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glass-stoppered  bottle  was  completely  filled  from  the  sample  and 
the  air  excluded.    This  was  reserved  for  experimental  purposes. 

Sample  No.  2  is  from  Polillo  and  was  taken  by  me  from  a  pile 
of  16  tons  which  had  lain  in  an  open  bunker  for  a  year.  The  sample 
was  prepared  and  kept  as  described  for  No.  1. 

Sample  No.  3  is  from  Comansi  Vein  No.  2,  near  Danao,  Cebu. 
The  coal  was  shipped  in  sacks  from  Cebu,  soon  after  being  mined, 
direct  to  the  Bureau  of  Science  for  a  steaming  test.  The  sample 
was  taken  and  bottled  as  described  for  No.  1. 

Sample  No.  4  was  brought  to  the  laboratory  from  Bulalacao, 
Mindoro,  in  a  sack.    This  coal  was  sampled  as  above  described. 

Sample  No.  5  came  from  the  mountain  district  of  Luzon  and  had 
been  stored  in  sacks  in  our  warehouse  for  one  and  one-half  years, 
when  it  was  sampled  for  these  experiments  in  the  same  manner  as 
the  others. 

At  the  beginning  of  the  experiments,  each  sample  was  carefully 
worked  over  to  remove  non-coal  particles,  cracked  until  all  pieces 
would  pass  a  sieve  having  two  meshes  to  the  centimeter  (five  meshes 
to  the  inch),  and  that  portion  which  would  pass  a  sieve  having 
four  meshes  to  the  centimeter  (ten  meshes  to  the  inch)  was  dis- 
carded. It  was  then  looked  over  again  grain  by  grain  to  see  that 
no  earthy  matter  or  lint  was  intermixed.  The  samples  were  made 
as  uniform  as  possible.  All  these  operations  were  carried  on  in 
the  air.  For  each  experiment  a  sample  was  quartered  from  the 
bulk  sample,  so  that  all  results  are  comparable  in  this  respect. 
All  analyses  were  made  according  to  standard  chemical  methods 
and  especial  care  was  exercised  to  maintain  uniform  conditions. 
In  the  determinations  of  the  calorific  value,  the  same  Berthelot- 
Mahler  bomb  calorimeter  was  used  throughout  and  the  tempera- 
ture differences  were  determined  by  the  use  of  a  Beckmann  ther- 
mometer. I  have  made  a  water  correction  of  the  results  by  sub- 
tracting six  calories  for  each  per  cent  of  water.  All  corrections  are 
comparable,  and  I  believe  that  irregularities  in  the  samples  and 
manipulation  could  not  have  produced  errors  of  any  consequence. 

Two  250-gram  samples  of  each  coal,  one  in  air  and  the  other  in 

oxygen,^  were  stored  for  about  nine  months  in  seven-liter  bottles 

^Ordinary  commercial  oxygen,  free  from  carbon  dioxide,  91.5  per  cent  of 
which  was  absorbed  in  alkaline  pyrogallol  was  used.  The  bottl  s  were  alter- 
nately partially  evacuated  and  filled  with  oxygen  from  the  bomb,  until  the 
gas  left  in  the  bottles  was  practically  commercial  oxygen. 
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at  about  30°  C.  in  an  ordinary  room  lighted  by  diffused  sunlight. 
The  bottles  were  stoppered  with  rubber  stoppers  through  each  of 
which  passed  two  glass  tubes  by  means  of  which  the  gas  samples 
were  taken.  Fresh  air  was  frequently  supplied  with  a  bulb  to 
those  bottles  containing  air.  The  small  size  of  the  coal  particles 
offers  a  greater  surface  in  proportion  to  the  mass  and  thus  facili- 
tates the  absorption  of  oxygen.  Analyses  of  the  samples  before 
and  after  storage  are  as  follows: 


TABLE  I.— ANALYSES  AND  CALORIFIC  VALUES  OF  PHILIPPINE 
COALS  STORED  IN  AIR  AND  OXYGEN  RESPECTIVELY 


Original  Sample 

After  Storage 
IN  Am 

After  Storage 
IN  Oxygen 

Coal  Numbi 

Moisture 

Volatile 
combustible 
matter  * 

Fixed 
carbon 

< 

<o 
'C 

O 

Moisture 

< 

Calories 

Moisture 

-a 

< 

Calories 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

1 

5.90 

46.30 

40.08 

7.72 

6159 

5.59 

7.52 

6119 

5.75 

8.11 

6059 

2 

8.61 

40.67 

46.55 

4.17 

6012 

8.75 

4.50 

5931 

8.03 

4.25 

6022 

3 

11.55 

37.43 

46.95 

4.07 

6066 

11.11 

4.47 

5985 

11.18 

4.20 

5982 

The  above  calorific  values  are  not  comparable  as  they  stand, 
since  the  samples  contain  different  quantities  of  diluents 
(water + ash'*). 

When  they  are  calculated  to  an  ash-  and  moisture-free  basis 
(coal — (water  +  ash)),  we  then  deal  with  alterations  in  the  pure 
coal  substance,  and  the  results  show  that  in  each  case  the  calorific 
value  is  lowered  by  storage  as  given  in  the  following  table: 

JAfter  the  method  of  Cox,  Phil.  Journ.  Sci.,  Sec.  A  (1907),  2,  41. 

-Each  analysis  shows  somewhat  less  ash  than  the  ordinary  coal  from  the 
same  source  because  of  the  way  in  which  the  samples  were  prepared. 
Average  of  three  closely  iigreeing,  independent  determinations. 

^This  does  not  represent  the  original  amount  of  ash  with  its  hydrited  sili- 
cates and  with  its  iron  pyrites  instead  of  ferric  oxid(>  formed  by  burning  (Parr 
&  Wheeler,  Journ.  Ind.  tt  Eng.  Chcni.  (1909),  1,  G3G),  but  the  same  coal  burned 
to  ash  in  the  same  way  unquestionably  gives  concordant  results. 
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TABLE  II.— THE  DETERIORATION  IN  CALORIFIC  VALUE  OF 
COALS  STORED  IN  AIR  AND  IN  OXYGEN 


Coal 

Calorific  Value  of  the 

Pure  Coal 

Per  Cent  Lowering 
OF  Calorific  Value 

Number 

Original 
sample 

After  storage 
in  Air 

After  storage 
in  Oxygen 

Stored  in 
Air 

Stored  in 
Oxygen 

1 

7130 

7042 

7034 

1.2 

1.3 

2 

6893 

6836 

6865 

0.8 

0.4 

3 

7189 

7089 

7069 

1.4 

1.7 

^liThe  gases  above  the  coal  at  the  end  of  the  storage  period  were  ' 
analysed  as  follows:  ■ 

i 
\ 

\ 

TABLE  HI.— COMPOSITION  OF  THE  GASES  ABOVE  THE  COALS  j 
STORED  IN  AIR^ 


Coal 
Num- 
ber 

Volume  Percentages 

Carbon  Dioxide 

Oxygen 

Remainder 

1 

1.5 

18.7 

79.8 

2 

0.2 

17.7 

82.1 

3 

1.3 

15.8 

82.9 

4 

2.2 

15.9 

81.9 

5 

3.2 

15.7 

81.1 

^The  gases  above  the  coal  were  frequently  replaced  with  ai  •  freed  from  car- 
bon dioxide  to  insure  an  adequate  supply  of  oxygen.    Therefore,  these  results  J 
do  not  show  the  total  amount  of  carbon  dioxide  evolved  but  show  i  i  s  presence 
and  the  exact  composition  of  the  gas  above  each  coal  when  it  was  removed  for  ; 
analysis.  J 

1 
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TABLE  IV.— COMPOSITION  OF  THE  GASES  ABOVE  THE  COALS 
STORED  FOR  NINE  MONTHS  IN  COMMERCIAL  OXYGEN 


Coal 
Num- 
ber 

Volume  Percentages 

Carbon  Dioxide 

Oxygen 

Remainderi 

1 

6.0 

22.9 

71.1 

2 

1.6 

19.5 

78.9 

3 

2.6 

14.2 

83.2 

4 

4.5 

17.9 

77.6 

5 

4.9 

14.4 

80.7 

The  glass  tubes  carried  by  the  rubber  stoppers  of  the  storage 
bottles  were  closed  with  rubber  tips  which,  as  well  as  the  stoppers 
themselves,  deteriorate  so  rapidly  in  a  tropical  climate  that  it  was 
impossible  to  keep  the  bottles  tight.  The  analyses  indicate  that 
as  fast  as  oxygen  was  absorbed  by  the  coal  it  was  replaced  by  air. 
The  bottles  which  contained  the  coal  stored  in  oxygen  were  refilled 
with  oxygen  after  they  had  been  sampled  for  the  analyses  of 
Table  I  and  after  fifteen  months  the  composition  of  the  gases  above 
the  coal  samples  were  as  follows : 


TABLE  v.— COMPOSITION  OF  GASES  ABOVE  COAL  IN  SECOND 
STAGE  OF  STORAGE  IN  OXYGEN 


Coal 
Num- 
ber 

Volume  Percentages 

Carbon  Dioxide 

Oxygen 

Remainder 

1 

14.6 

42.9 

42.5 

2 

10.3 

39.8 

49.9 

3 

25.7 

29.1 

45.2 

4 

14.4 

30.7 

54.9 

5 

63.0 

7.2 

29.8 

lUnabsorbed  in  alkaline  pyrogallol.  Traces  of  carbon  monoxide  were  de- 
tected, but  hydrogen,  methane,  formaldehyde,  formic  acid,  or  hydrogen  per- 
oxide were  not  recognized  by  ordinary  means  of  identification  as  reaction  prod- 
ucts, although  it  is  probable  that  some  or  all  of  them  were  present  in  small 
quantities. 
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These  results  show  further  deterioration  of  the  coal  samples 
and,  taken  with  these  of  the  preceding  table,  indicate  that  the 
evolution  of  carbon  dioxide  is  not  simultaneous  with  the  absorp- 
tion of  oxygen  but  is  subsequent  to  it.^  It  is  possible  that  a  number 
of  oxidation  processes  varying  in  character  and  speed  of  reaction 
are  involved,  depending  on  the  kind  of  coal,  the  stage  of  the  process, 
etc.,  but  the  facts  are  satisfactorily  explained  by  the  assumption 
that  oxygen  is  absorbed  by  the  unsaturated  chemical  compounds 
of  the  coal  to  form  organic  peroxides,  and  carbon  dioxide  is  evolved 
when  the  peroxides  break  down.^  In  cases  of  autoxidation,  hydro- 
gen peroxide  has  been  frequently  met  with  and  it  is  probable  that 
in  the  autoxidation  of  coal  the  organic  peroxides  may  be  hydro- 
lyzed  slowly  by  water  to  form  hydrogen  peroxide  which  reacts 
upon  the  coal  to  produce  carbon  dioxide. 

There  is  a  marked  increase  in  the  weight  of  Philippine  coal  when 
exposed  to  the  air,  although  no  definite  quantitative  determina- 
tions have  been  attempted  on  account  of  the  fluctuation  of  the 
moisture  content.  Absorbed  gases  could  reduce  the  calorific  value 
of  coal  by  simply  adding  weight  to  it,  i.e.,  they  would  be  merely 
a  diluent.  However,  if  oxygen  on  being  absorbed  enters  into  the 
composition  of  the  coal  or  unites  with  the  carbon  or  hydrogen  of 
the  coal,  there  is  actual  deterioration.  When  pure  coal  becomes 
oxidized,  the  total  weight  and  the  total  heating  value  are  decreased 
without  changing  the  calorific  value  of  what  remains. 

The  avidity  with  which  coals  absorb  oxygen  is  shown  by  the 
following  experiments.  Samples  of  one  hundred  grams  each  were 
sealed  in  glass  bulbs  in  an  atmosphere  of  air  or  oxygen  as  indicated. 
After  a  period  of  twelve  months,  the  pressures  were  measured  and 
the  gases  analyzed  as  follows : 


iPorter,  H.  C,  and  Ovitz,  F.  K.,  Journ.  Am.  Chem.  Soc.  (1908),  30,  1486, 
note,  "Some  coals  rapidly  absorb  oxygen  from  the  air  surrounding  the  coal 
during  storage  without  forming  carbon  dioxide;"  however,  the  maximum 
duration  of  their  tests  was  104  days  and  from  their  own  numbers  the  content 
of  carbon  dioxide  began  slightly  to  increase  after  thirty-four  days.  Also  Ibid. 
(1910),  2,  80,  '*Coal  absorbs  oxygen  from  the  air  during  storage  without  form- 
ing carbon  dioxide  and  the  amount  of  oxygen  absorbed  accords  approximately 
with  the  deterioration  in  heat  value," 

^Brooks,  B.  T.,  Phil.  Journ.  Sci.,  Sec.  A  (1910),  5,  219,  offered  this  hypothesis 
to  explain  the  oxidation  of  Manila  copal  by  the  air. 
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TABLE  VI.— ANALYSES  OF  RESIDUAL  GASES,  WHEN  COAL  IS 
STORED  WITH  RELATIVELY  SMALL  AMOUNTS  OF  OXYGEN 


Coal 

Stored 

Diminished 
Pressure 

IN  MM, 

Volume  Percentages  of  the  Gases 
AFTER  Storage 

Number 

IN 

Carbon 
Dioxide 

Oxygen 

Remainder 

1 

air 

123 

5 

0.4 

94.6 

2 

oxygen 

604 

75 

0.0 

225. 

3^ 

air 

106 

7 

0.0 

93. 

3 

oxygen 

600 

59 

0.0 

241. 

4 

air 

70 

13 

0.0 

87. 

5 

oxygen 

167 

92 

0.0 

2  8. 

x3 

air 

120 

8 

0.0 

92. 

The  above  numbers  show  that  the  absorption  of  oxygen  by  coal 
is  complete  when  an  insufficient  supply  of  the  former  is  present. 

An  apparatus  to  measure  the  rate  of  absorption  of  oxygen  by 
coal,  which  consists  of  a  barometer  for  measuring  the  pressure 
within  a  hermetically  sealed  space,  was  devised  and  constructed 
as  shown  in  Figure  1. 

The  portion  ah  d  e  was  made  of  capillary  tubing  and  then  at  a 
sealed  onto  an  ordinary  100-cubic-centimeter  glass  pipette/.  The 
tube  6  c  is  about  800  millimeters  long.  The  apparatus  was  in- 
verted, the  coal  sample  inserted  through  the  wide  tube  g  which  was 
afterwards  sealed  in  a  gas  flame  and  allowed  to  cool,  and  finally 
the  apparatus  was  returned  to  its  upright  position.  The  heavy 
ruljber  tubing,  d  h,  is  of  sufficient  length  to  allow  free  movement 
of  the  mercury  vessel  i  over  the  distance  b  c.  The  vessel  i  was 
partially  filled  with  mercury  and  then  lowered  below  c.  The 
aj.^paratus  was  alternately  partially  evacuated  and  filled  with 
commercial  oxygen  (6.4  cubic  centimeters  not  absorbed  in  alkaline 
pyrosallol)  at  e,  until  the  gas  left  in  /  had  practically  the  above 
('onii)osition.    The  vessel  i  was  next  raised  until  the  mercury  in  it 

'Vein  No.  3. 

n'his  is  accounted  for  by  tlio  inert  gavS  in  the  commercial  oxyj^en. 
^From  the  Ea.st  Batan  Coal  Company  Mine. 


Figure  1 

An  Apparatus  to  Measure  the  Rate  of  Absorptii 
OF  Oxygen  by  Coal 
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was  level  with  that  in  the  tube  c  e,  and  the  difference  in  height  of 
the  mercury  in  c  6  and  c  e  noted.  Simultaneous  barometric  and 
temperature  readings  were  always  made  and  from  these  the  exact 
gas  pressure  in  /  was  calculated. 

The  samples  used  in  all  of  the  foregoing  experiments  had  been 
exposed  to  the  air  for  some  time  previous  to  the  beginning  of  the 
experiment.  The  deterioration,  which  unquestionably  begins  with 
the  mining  of  the  coal,  consists  in  the  loss  of  combustible  gases,  and 
oxidation  already  must  have  progressed  considerably,  and  there- 
fore the  amount  of  oxidation  found  by  the  analyses  is  not  nearly 
as  great  as  it  would  have  been  if  the  measurements  had  been  begun 
with  fresh  samples.  Therefore,  a  sample  from  a  new  face  of  the 
coal  from  the  mine  of  the  East  Batan  Coal  Company  was  secured 
for  the  following  absorption  experiments  and  brought  to  the  labora- 
tory in  a  sealed  container.  A  portion  of  the  sample  was  ground  to 
pass  a  sieve  having  2  meshes  to  the  centimeter  (5  meshes  to  the 
inch)  and  graded  into  the  following  sizes: 


Portion 

Passed  Sieve 

Held  on  Sieve 

Weight  of 
fraction  in 
grams 

Meshes 
per  cm. 

Meshes 
per  inch 

Meshes 
per  cm. 

Meshes 
per  inch 

A 

2 

5 

7 

10 

2005 

B 

4 

10 

8 

20 

1080 

C 

8 

20 

24 

60 

735 

D 

24 

60 

40 

100 

50 

E 

40 

100 

60 

150 

50 

F 

60 

150 

75 

Analyses  of  these  portions  are  as  follows : 
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TABLE  VII.— ANALYSES  OF  PORTIONS  OF  A  PHILIPPINE  COAL 
PASSING  SIEVES  OF  DIFFERENT  SIZES 
(Numbers  give  Percentages) 


A 

B 

C 

D 

E 

F 

Moisture 

22.82 

22.37 

23.04 

22.51 

21.85 

21.96 

Volatile  combusti- 

ble matter 

33.64 

34.32 

33.28 

33.32 

33.19 

33.67 

Fixed  carbon 

39.04 

38.33 

38.66 

38.34 

39.15 

37.77 

Ash 

4.50 

4.98 

5.02 

5.83 

5.81 

6.60 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Color  of  ash 

Dark 

Yellow- 

Yellow- 

Yellow- 

Dark 

Dark 

brown 

ish 

ish 

ish 

brown 

brown 

brown 

brown 

brown 

The  relative  rate  of  the  absorption  of  oxygen  was  obtained  for  a 
20~gram  sample  of  each  of  the  following,  namely,  A  quickly  ground 
in  a  mortar  which  I  will  designate  A  A,  A,  C,  E,  and  F  when  each 
was  placed  in  a  piece  of  apparatus  like  Figure  1.  About  two  hours 
.  were  required  to  crush,  sift,  and  weigh  the  portions  and  samples, 
except  AA,  and  to  exhaust,  seal,  and  begin  the  actual  measure- 
ments.   The  results  are  as  follows : 

TABLE  VIII.— THE  COMPARATIVE  AVIDITY  OF  COAL  PARTICLES 
OF  DIFFERENT  SIZES  FOR  OXYGEN  AT  30°  C. 


Diminished  Pressure  in  Millimeters 


Time  after  Starting 

AA 

E 

A 

C 

F 

18  hours 

270 

109 

270 

253 

165 

26  hours 

326 

147 

333 

273 

224 

42  hours 

399 

191 

407 

355 

295 

3  days 

460 

251 

472 

452 

363 

4  days 

495 

313 

505 

493 

406 

5  days 

514 

343 

520 

505 

432 

7  days 

521 

400 

551 

516 

456 

10  days 

519 

452 

523 

507 

454 

36  days 

503 

544 

501 

485 

447 

365  days 

477 

518 

456 

462 

386 

X] 
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It  is  easily  seen  from  the  above  table  that  with  each  coal  the 
pressure  diminishes  for  a  time  and  then  increases.  The  reduction 
in  the  pressure  was  due  to  the  gradual  absorption  of  oxygen  by 
the  coal,  but  in  time  the  rate  of  the  evolution  of  carbon  dioxide  was 
equal  to  that  of  the  absorption  of  oxygen,  and  later  even  exceeded 
it  and  thereby  increased  the  pressure.  These  observations  sub- 
stantiate the  assumptions  made  in  considering  Tables  IV  and  V, 
that  the  evolution  of  carbon  dioxide  is  subsequent  to  the  absorp- 
tion of  oxygen. 

The  absorption  of  oxygen  by  A,  the  coarsest  sample,  after 
sealing  is  not  very  rapid;  but  that  by  C,  which  is  very  much  finer 
than  A,  is  2  J  times  as  fast.  Sample  A  A  is  the  same  portion  as  A, 
but  was  quickly  pulverized  in  a  mortar  immediately  before  begin- 
ning the  experiment,  and  in  this  sample  the  absorption  in  the  sealed 
apparatus  was  2|-fold  greater  than  A.  On  account  of  the  great 
avidity  for  oxygen  shown  by  the  finely  divided  coal,  it  was  antici- 
pated that  samples  E  and  F  which  consist  of  the  finest  particles, 
on  account  of  the  small  amounts  of  these  portions  obtained  in  the 
sizing  and  consequently  excessive  exposure  to  the  air  during  prepa- 
ration, might  be  fairly  saturated  before  the  experiment  began. 
This  was  the  case  as  indicated  b}^  the  low  speed  of  absorption  of 
oxj'gen  after  sealing  and  the  comparatively  small  reduction  in  the 
pressure  before  it  began  to  increase.  The  fact  that  not  so  great  a 
partial  vacuum  was  produced  at  any  time  in  these  as  in  the  fresher 
samples  shows  that  the  rate  of  the  evolution  of  carbon  dioxide  was 
equal  to  that  of  the  absorption  of  oxygen  while  the  latter  was  still 
quite  energetic.  The  evolution  of  carbon  dioxide  depends  directly 
on  the  previous  absorption  of  oxygen  and  therefore  the  fact  that 
the  evolution  of  carbon  dioxide  by  samples  E  and  F  was  more 
rapid  than  that  in  any  of  the  others  clearly  substantiates  the 
assumption  as  to  their  previous  partial  saturation. 

The  rate  of  the  absorption  of  oxygen  by  a  given  coal  varies 
with  its  previous  exposure  to  the  air.  Under  the  same  conditions, 
it  depends  upon  the  size  of  the  grains;  it  is  more  rapid  in  the  finer 
particles,  probably  approximately  proportional  to  the  surface  ex- 
posed. The  absorption  of  oxygen,  not  including  that  replaced  by 
evolved  carbon  dioxide,  was  determined  in  two  samples  each  of 
portions  A  and  C  in  apparatus  identical  with  that  shown  in  Figure 
1  and  described  above  except  that  flasks  of  dimensions  as  indicated 
were  substituted  for  the  100-cubic-centimeter  glass  pipette/. 
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In  the  larger  samples  the  absorption  was  so  much  more  rapid 
that  the  pressure  at  which  the  oxygen  was  supplied  became  dimin- 
ished and  the  rate  of  absorption  correspondingly  reduced.  The 
particles  in  the  samples  of  the  portions  were  so  fine  that  they  packed 
closely,  and  particularly  in  the  larger  samples  the  oxygen  possibly 
could  not  penetrate  uniformly  to  all  parts.  The  relative  rate  of 
the  absorption  of  oxygen  in  the  two  samples  of  portion  A  and  of  C 
was  never  equal  to  the  ratio  of  their  weights.  The  above  experi- 
ment also  shows  that  the  absorption  of  oxygen  is  much  more  rapid 
during  the  first  few  weeks  than  during  the  subsequent  periods. 
These  points  are  indicated  more  clearly  when  the  results  of  Table 
IX  are  represented  graphically  as  shown  in  Figure  2  in  which 
Curve  I  =  Portion  A  (40  grams  in  4.390-hter  flask);  Curve  11  = 
Portion  A  (100  grams  in  4.245-liter  flask);  Curve  111=  Portion  C 
(20  grams  in  1.394-liter  flask) ;  and  Curve  IV  =  Portion  C  (40  grams 
in  1.546-nter  flask). 

If  coal  is  stored  in  air,  after  a  time  the  compounds  in  the  coal 
unsaturated  ^dth  respect  to  oxygen  become  saturated  and  the 
avidity  of  the  whole  for  oxygen  becomes  much  less  as  shown  in  the 
two  preceding  tables.  It  follows  from  this  that  there  is  much 
more  danger  from  fire  during  the  early  stages  of  storage,  and  be- 
cause of  this  fact,  when  coal  has  once  been  stored  as  a  reserve  and 
no  serious  heating  has  resulted,  it  should  be  left  undisturbed  and 
the  coal  for  present  consumption  taken  from  the  newest  piles. 

The  value  of  the  bituminous  coal  produced  in  the  United  States 
during  the  calendar  years  1907  to  1909  was  $1,230,836,887,  an 
average  annual  value  of  $410,278,962. ^  If  bituminous  coal  suffers 
an  average  deterioration  of  two  per  cent^  the  annual  loss  in  the 
United  States  from  deterioration  of  coal  is  over  eight  million 
dollars,  or  four  per  cent  as  great  as  the  total  losses  of  all  property 
by  fire.^ 

>U.  S.  Geol.  Surv.  Min.  Pred.  U.  S.  Calendar  Yrs.  1900-9  (1911),  Mar. 
The  average  annual  production  of  Pennsylvania  anthracite  is  valued  at 
$157,059,584. 

-Parr,  S.  W.,  and  Hamilton,  N.  D.,  Econom.  Geol.  (1907),  2,  703,  found  that 
in  20-pound  lots  of  Illinois  coal  "outdoor  exposure  results  in  a  loss  of  heating 
value  varving  from  2  to  10  per  cent"  which  substantiates  Table  IX.  Also  cf. 
Engincn-  (London)  '1903),  Oct.  30,  and  Bement,  A.,  Chem.  Eng.  (1910).  12,  10. 

'From  the  data  of  the  National  Board  of  Fire  Underwriters,  U.  S.  Dept. 
Commerce  and  Labor,  Bur.  Statistics,  Statis.  Abs.  U.  S.  (1910),  586,  the 
estimated  fire  losses  in  the  United  States  for  the  calendar  years  1907  to  1909 
aggregate  §621,675,709,  an  average  annual  value  of  $207,225,236. 
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There  is  also  a  large  loss  due  to  spontaneous  combustion  of  coal. 
Oxidation  of  combustible  matter  produces  the  same  amount  of 
heat  whether  the  reaction  takes  place  rapidly  or  very  slowly.    If  < 
the  heat  of  a  slow  reaction  can  not  escape,  the  same  increase  in  j 
temperature  will  result  as  when  the  change  takes  place  rapidly.  1 
Every  combustible  substance  has  its  ignition  point,  and  for  it  to  i 
burn  rapidly  it  first  must  be  heated  to  the  point  of  ignition.    This  1 
depends  almost  entirely  on  the  porosity  and  the  fineness  of  division,  ■ 
together  with  the  chemical  composition.    If  the  substance  is  in  a  ] 
large  compact  unit,  its  ignition  is  not  easily  accompHshed.    But  in  i 
a  very  finely  divided  state  and  with  sufficient  oxj^gen  present,  it 
may  kindle  and  the  combustion  be  propagated  with  explosive  ' 
violence.    If  the  amount  of  coal  in  a  given  heat  be  small,  there  l 
will  be  no  perceptible  increase  in  the  temperature  from  the  heat  of  i 
the  reactions  involved,  for  the  heat  will  all  be  lost  through  radia-  i 
tion.    But  if  the  escape  of  heat  is  prevented,  as  is  done  when  fine 
coal  is  piled  in  high  heaps,  and  if  a  supply  of  oxygen  is  available,  \ 
absorption  of  oxygen  with  consequent  rise  in  temperature  will 
result.    The  absorption  of  oxygen  by  coal  seems  to  increase  ; 
rapidly  with  the  temperature,  and  eventually  the  kindling  point 
may  be  reached  and  visible  combustion  follow.^    In  an  extremely  : 
finely  divided  state  coal  will  ignite  almost  as  readily  as  gas  derived 
from  coal.    Care  must  therefore  be  taken  to  avoid  the  ignition  of 
coal  dust,  as  there  is  no  doubt  that  many  serious  fires  and  explo- 
sions are  directly  attributable  to  it,  and  the  violence  of  the  latter 
may  have  been  more  severe  in  certain  cases  on  account  of  absorbed 
oxygen. 

The  presence  of  sulphur  in  the  form  of  iron  pyrites  in  stored  coal 
has  often  been  thought  to  be  a  source  of  heat  and  the  cause  of 
spontaneous  combustion  owing  to  the  reaction  between  sulphur 
and  oxygen. 2    It  is  a  fact  that  coals  with  a  high  content  of  sulphur  ' 
often  give  trouble  from  heating;  on  the  other  hand,  coals  contain-  ' 
ing  a  small  amount  of  sulphur,  not  more  than  IJ  per  cent,  which  j 

I 

lOrdinarily  the  air  furnishes  I  he  oxygen  for  combustion,  but  it  may  be  sup-  j 
pHed  by  other  oxidizing  agents.    In  the  latter  case  oxidation  may  be  so  rapid 
that  it  causes  an  explosion.    Certain  Philippine  coals  mixed  with  sodium  per- 
oxide at  room  temperature  ignite  spontaneously.  ' 

-Cf.  Parr,  S.  W.,  and  Krcssman,  F.  W.,  Jour.  Ind.  &  Eng.  Chem.  (1911)  3, 
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include  practically  all  of  those  from  the  Philippine  Islands,  also 
sometimes  heat  badly.  This  can  not  entirely  be  explained  by  the 
sulphur  present.  The  amount  of  sulphur  is  far  too  small  to  ac- 
count for  the  increase  in  temperature  recorded  in  many  instances 
even  if  it  were  all  oxidized,  which  has  never  been  shown  to  be  the 
case.  Porter,  H.  C,  and  Ovitz,  F.  K.,^  have  shown  that  there  is 
"  a  very  minor  contribution,  if  any,  on  the  part  of  sulphur  to  spon- 
taneous heating  in  coal."  Bodenstein,  M.,  and  Karo,  W.,^  have 
shown  that  for  liquid  sulphur  the  velocity  of  the  reaction  wdth 
oxygen  is  proportional  to  the  surface  exposed.  On  the  same  prin- 
ciple, the  fineness  of  division  of  the  sulphide  in  coal  would  make  its 
oxidation  comparatively  rapid  and  favor  spontaneous  combustion. 

The  question  of  the  influence  of  moisture  in  coaP  upon  its  oxida- 
tion has  not  been  sufficiently  worked  upon  to  enable  us  to  decide 
it.  Griswold  says  that  when  stored,  wet  coal  should  be  spread 
out  to  expedite  drying,  especially  when  wet  with  snow  and  ice, 
and  Doan^  says,  ''The  amount  of  moisture  in  an  air-dried  sample 
of  coal  is  an  indication  of  its  liability  to  heat,  the  danger  increasing 
with  the  percentage  of  moisture  contained.  Coal  containing  over 
4.75%  after  air  drying  is  said  to  be  dangerous."  The  amount  of 
water  naturally  present  in  coal  is  an  indication  of  the  grade  and,  as 
already  pointed  out,  the  kind  of  coal  is  a  factor  upon  which  oxida- 
tion partly  depends.  Aside  from  this,  it  is  probable  that  the 
amount  of  moisture  has  little  significance. 

The  action  of  sunlight  on  coal  not  only  increases  its  temperature 
directly,  but  also  catalytically  by  accelerating  the  absorption  of 
oxygen,  and  thus  in  two  ways  it  increases  deterioration  and  the 
danger  from  spontaneous  combustion. 

A  coal  which  illustrates  these  points  is  that  now  being  mined  on 
the  eastern  end  of  the  Island  of  Batan.^  On  exposure  to  the  sun 
and  air  it  alters  rapidly,  loses  its  luster,  and  falls  into  powder.  It 
slakes  in  shipping,  unless  it  is  kept  from  the  sun  and  wind  while  in 
transit.  Spontaneous  combustion  has  several  times  occurred  in 
this  coal,  but  the  particulars  are  not  available,  except  in  the  more 

iJourn.  Ind.  &  Eng.  Chem.  (1912),  4,  7. 
^Ztschr.f.  phys.  Chem.  (1910),  75,  47. 
^Eng.  News  (1904),  61,  May  5. 
*Eng.  News  (1904),  52,  141. 

6This  coal  is  a  poorer  grade  than  that  from  the  western  end  of  the  Island. 
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recent  cases.  The  Civil  Government  used  some  coal  from  the 
Batan  mine  during  1911  and  had  trouble  with  9000  tons  of  the  same 
coal  in  piles  about  five  meters  high  placed  on  the  ground  under  a 
roof.  The  piles  were  ventilated  with  alternating  tiers  of  horizontal 
air  passages,  about  six  meters  apart,  running  at  right  angles  to 
each  other.  In  this  case  there  was  no  actual  flame,  but  all  of  the 
timber  used  to  make  the  ventilators  was  badly  charred. 

In  coal  heating  in  bunkers,  even  though  the  temperature  be 
only  moderately  raised,  there  is  an  increased  escape  of  volatile 
combustible  matter  and  consequent  loss  of  fuel  value.  Evidently 
the  danger  from  spontaneous  combustion  of  coal  may  be  reduced 
by  assisting  in  every  possible  way  the  dissipation  of  heat  through 
radiation  by  having  the  coal  sufficiently  close  to  air-cooled  sur- 
faces,^ but  any  system  which  brings  the  air  freely  into  contact 
with  the  coal  should  be  avoided.  Ventilation  of  this  sort  may 
mean  danger  of  fire,  because  it  is  very  difficult  to  provide  sufficient 
radiation  to  remove  the  heat  as  fast  as  it  is  formed.  Storage  piles 
should  be  protected  from  the  sun  and  every  other  external  source 
of  heat. 

Any  method  which  protects  the  coal  from  the  air  will  preserve 
it.  This  can  unquestionably  be  done  by  submergence  under 
water,  but  this  necessitates  firing  wet  coal.^  Firing  of  wet  coal 
may  be  avoided  by  dry  storage  in  carbon  dioxide  or  other  inert  gas. 
I  beheve  there  will  be  little  danger  from  fire  in  storage  of  this  sort 
for  the  air  supply  is  cut  off.  Deterioration  probably  may  be  as 
effectually  avoided  by  the  use  of  bunkers,  with  tight  floors  and 
sides  and  fairly  close  fitting  covers,  filled  with  carbon  dioxide  as 
by  storage  under  water.  The  following  experiments  show  the 
effectiveness  in  preventing  deterioration  by  the  exclusion  of  air 
through  inert  gases.  Two  250-gram  samples  of  each  coal,  one  in 
nitrogen  and  the  other  in  carbon  dioxide,  were  stored  for  about  nine 
months  in  10-liter  bottles  at  about  30°  C.  in  an  ordinary  room 
lighted  by  diffused  sunlight. 

'The  coal  should  be  stored  in  bunkers  which  have  surfaces  large  in  propor- 
tion to  the  bulk,  or  air  niisht  be  circulated  through  the  heaps  in  iron  pipes  in 
such  a  wav  that  it  docs  not  come  in  contact  with  the  coal. 

-Parr,  S.  W.,  and  Hamilton,  N.  D.,  Econom.  Geol.  (1907),  2,  703^  say,  "Sub- 
merged coal  does  not  lose  appreciably  in  heat  value."    Also  cf.  bibliography. 
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TABLE  X.— ANALYSES  AND  CALORIFIC  VALUES  OF  PHILIPPINE 
COALS  STORED  IN  NITROGEN  AND  IN  CARBON  DIOXIDE 


Original  Sample 

After  storage  in 
Nitrogen 

After  storage  in  carbon 
dioxide 
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Per 
cent 
5.90 
8.61 
11.55 

Per 
cent 
46.30 
40.67 
37.43 

Per 
cent 
40.08 
46.55 
46.95 

Per 
cent 
7.27 
4.17 
4.07 

6159 
6012 
6066 

Per 
cen  t 
5.48 
8.46 
10.39 

Per 
cent 
7.66 
4.05 
3.81 

6227 
6050 
6199 

Per 
cent 
5.56 
7.68 
10.86 

Per 
cent 
6.97 
4.91 
3.88 

6249 
6057 
6161 

The  above  results  calculated  to  the  uniform  basis  of  pure  coal 
show  that  there  was  no  deterioration  on  storage. 


TABLE  XL— THE  CALORIFIC  VALUE  OF  COALS  STORED  IN 
NITROGEN  AND  IN  CARBON  DIOXIDE 


Calorific  Value  of  the  Pure  Coal* 

Variation  from  Original 
Sample  in  Calories 

o  § 

Original 
Sample 

After  storage 
in  nitrogen 

After  storage 
in  carbon 
dioxide 

Stored  in 
nitrogen 

Stored  in 
carbon 
dioxide 

1 

7130 

7168 

7144 

+  38 

+  14 

2 

6893 

6914 

6929 

+  21 

+  36 

3 

7189 

7225 

7226 

+36 

+37 

Table  XI  shows  an  increase  in  calorific  value  during  storage.    I  ! 

can  not  explain  this,  but  it  is  probable  that  it  is  due  to  the  evolu-  | 

tion  of  carbon  dioxide  rather  than  to  experimental  error.    That  i 

such  a  change  does  take  place  in  a  coal  which  has  absorbed  oxygen  -j 

subsequent  to  the  removal  of  the  oxygen  supply  is  shown  by  the  | 

following  facts.  ] 

lAfter  the  method  of  Cox,  Phil  Journ.  Sci.  Sec.  A  (1907),  2,41.  ' 

2Each  analysis  shows  somewhat  less  ash  than  the  ordinary  coal  from  the 
same  source  because  of  the  way  in  which  the  samples  were  prepared. 

^Average  of  three  closely  agreeing,  independent  determinations.  ! 

*An  interesting  comparison  is  that  of  Table XI  with  Table  II,  from  which  it 

will  be  seen  that  the  coal  stored  in  air  has  a  calorific  value  about  2  per  cent  j 
less  than  that  stored  in  either  of  the  above  inert  gases. 
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An  analysis  of  the  residual  gas  above  coal  number  1  stored  in 
nitrogen  gave  the  following  results : 

Per  Cent 

Carbon  dioxide  0.6 
Oxygen  0.0 
Nitrogen  99.4 

To  demonstrate  beyond  question  that  the  small  amount  of 
carbon  dioxide  did  not  result  from  a  slight  leakage  of  air  through 
the  rubber  stopper  and  subsequent  oxidation  of  coal,  proportion- 
ately larger  portions  of  coal  numbers  1  and  2  were  sealed  off  in  an 
atmosphere  of  nitrogen  in  flasks.  After  one  year  they  were  opened 
and  in  each  case  the  pressure  was  found  to  be  increased  by  a  small 
amount  and  the  gases  had  the  following  compositions : 

From  Flask  Containing   From  Flask  Containing 


Coal  No.  1  Coal  No.  2 

Per  Cent  Per  Cent 

Carbon  dioxide                 4.0  5.0 

Oxygen                           0.0  0.0 

Nitrogen                        96.0  95.0 


The  same  sort  of  deterioration  as  I  have  just  described  takes 
place  along  the  outcrop  of  coal  beds  and  is  limited  only  by  the 
nature  of  the  coal  and  the  penetration  of  the  air.  The  latter  is  not 
very  great  in  well-watered  regions  like  the  Philippine  Islands  where 
the  ground  water  table  is  high,  but  in  arid  regions  it  is  natural  to 
suppose  that  the  air  may  penetrate  and  deterioration  take  place 
to  proportionately  greater  depths.  However,  recent  work  has 
shown  that  deterioration  does  not  always  extend  to  the  ground 
water  level  or  even  to  a  considerable  portion  of  the  distance. 

This  paper  gives  results  which  are  by  no  means  complete,  and 
leaves  several  points  unsettled  and  much  to  be  accomplished. 
Only  the  preliminary  investigation  has  been  carried  on,  but  with 
the  information  and  experience  derived  from  it  the  author  hopes 
more  effectively  to  continue  the  work. 
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COAL-WASHING  EFFICIENCY 

By  G.  R.  Delamater 
Denver  J  Colorado 

The  term  efficiency  as  applied  to  coal  washing  is  one  which 
had  but  little  significance  to  that  branch  of  the  engineering  pro- 
fession. The  reason  of  this  is  probably  due  more  to  the  compara- 
tively recent  apphcation  of  this  process  to  coal  of  inferior  quahty 
than  to  the  intentional  disregard  of  those  engaged  in  this  work 
to  the  necessity  of^the  universal  adoption  of  a  standard  definition 
of  coal-washing  efficiency. 

\  It  was  only  a  few  years  ago  that  only  the  seams  of  high-grade 
coal  were  mined,  but  the  increased  demand  for  coal  caused  by 
the  wonderful  growth  of  the  manufacturing  business  in  the  last 
fifteen  years,  and  the  fact  that  practically  all  such  coal  land  came 
under  the  control  of  the  great  corporations,  has  made  it  necessary 
and  profitable  to  mine  coal  of  inferior  grade  and,  by  washing, 
remove  the  impurities  and  thereby  produce  a  washed  coal  often 
of  equal  quality  to  that  of  the  best  grades.  This  has  been  made 
possible  in  two  ways.  Late  years  have  brought  forth  some  wonder- 
ful improvements  in  the  machinery  used  both  in  the  mining  and 
in  the  preparation  of  coal,  resulting  in  greatly  decreased  cost  of 
production;  and  this  with  the  comparatively  small  acreage  of  high- 
grade  coal  land  not  controlled  by  the  corporations,  and  the  possi- 
bility of  obtaining  coal  lands  of  an  inferior  grade  of  coal  at  a  com- 
paratively low  figure,  have  made  the  final  cost  of  mining  and  pre- 
paring such  coal  sufficiently  low  to  successfully  compete  with 
the  coal  of  better  quality. 

As  is  nearly  always  the  case  with  any  new  industry,  more 
attention  was  at  first  given  to  the  development  of  the  necessary 
equipment  required  in  washing  coal  than  to  the  perfection  of  the 
separations  accomplished,  though,  of  course,  all  engaged  in  the 
manufacture  of  such  machinery  have  constantly  improved  their 
products  in  their  competition  in  trade  with  one  another.  Still, 
it  has  been  the  custom  to  permit  the  designing  of  coal-washing 
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plants  to  be  done  by  these  manufacturing  concerns,  and  as  they 
are  very  naturally  interested  in,  and  in  fact  make  their  profits 
from,  the  machinery  with  which  the  plants  are  equipped,  it  is 
only  to  be  expected  that  the  advancement  along  the  lines  of 
simplicity,  convenience  and  high  efficiency  would  be  slow.  It  is 
not  surprising  then  that  no  standard  method  of  calculating  coal 
washery  efficiency  has  been  adopted  and  this  cannot  be  hoped 
for  until  the  designing  of  these  plants  falls  into  the  hands  of  engi- 
neers whose  whole  object  is  not  only  to  produce  plants  that  will 
wash  the  coal  and  remove  most  of  the  impurities,  but  will  attain 
the  very  highest  efficiency  possible. 

I  would  not  wish  to  be  understood  to  insinuate  that  the  present 
manufacturers  of  coal-washing  machinery  do  not  employ  com- 
petent engineers,  or  that  their  plants  are  in  all  cases  inefficient, 
as  such  is  not  the  case.  Many  plants  recently  built  are  very 
convenient,  complete  and  efficient  but,  as  there  are  no  standard 
formulae  or  methods  of  calculating  washery  efficiencies,  it  is 
impossible  to  intelligently  compare  the  plants  as  designed  by  these 
concerns  or  any  one  else.  As  a  result  of  these  conditions  it 
is  practically  impossible  for  the  coal  company  official  to  intelli- 
gently determine  just  what  type  of  coal-washing  machine  is  best 
adapted  to  his  particular  coal.  Were  it  possible  for  him  to  obtain 
data  showing  the  efficiency  of  different  types  of  machines  on  all 
different  kinds  and  sizes  of  coal,  and  were  all  this  data  based  on 
and  calculated  from  a  standard  method  and  formulae,  it  would 
then  be  possible  for  him  to  determine  just  what  type  of  machine 
is  best  adapted  to  his  own  proposition  and  a  great  deal  of  expense 
and  trouble  would  be  averted.  It  would  also  result  in  a  higher 
general  efficiency  in  coal  washing  over  the  country,  for  the  present 
haphazard  method  results  in  heavy  coal  losses  which,  I  think, 
every  engineer  is  becoming  more  and  more  in  favor  of  eliminating 
as  much  as  possible.  As  each  manufacturer  of  coal-washing  equip- 
ment has  his  own  particular  kind  and  style  of  machinery,  and  as 
no  one  type  will  handle  all  kinds,  grades  and  sizes  of  coal  with 
equal  effectiveness,  but  instead  will  be  more  particularly  adapted 
to  some  one  kind  or  size  of  coal,  it  is  but  natural  to  suppose  that 
such  misfits  would  result  when  the  coal  company  official  is  so 
much  in  the  dark  as  to  the  efficiency  of  different  machines  on 
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different  kinds  of  coal  that  he  must  place  his  order  more  with  a 
view  to  cost  than  to  the  probable  perfection  of  the  preparation 
of  his  coal.  This  first  cost  may  often  result  in  a  much  greater 
expense  to  his  company  before  the  plant  will  successfully  wash 
their  coal.  One  cannot  blame  the  manufacturer  selling  the  machin- 
ery in  such  cases  for  it  is  but  natural  to  suppose  that  he  would 
place  his  products  wherever  possible,  and  particularly  so  when 
he  knows  that  practically  every  buyer  is  almost  absolutely  in 
the  dark  in-so-far  as  comparative  data  is  concerned  which  would 
permit  of  his  ever  actually  knowing  that  much  better  results 
could  be  obtained  by  the  use  of  another  type  of  machine.  The 
question  then  would  appear  to  be,  how  can  the  coal  company 
engineers  be  brought  to  a  realization  that  it  is  possible  to  cal- 
culate washery  efficiencies  and  to  make  intelligent  comparison 
of  washery  results,  and  that  it  is  through  their  own  endeavors 
along  this  line  and  their  contributions  to  the  engineering  journals 
and  societies  that  the  resulting  interchange  of  efficiency  data 
will  result  beneficially  to  all?  Is  it  not  true  that  these  are  the 
very  men  that  can  force  the  issue  and  make  the  washery  firms  get 
their  data  in  comprehensive  form?  Admitting  this,  is  it  not  also 
a  fact  that  some  standard  method  of  calculation  of  efficiencies 
must  be  adopted?  To  attain  this,  probably  the  best  and  quickest 
way  is  for  the  engineering  societies  to  take  up  this  question  as 
they  are  in  a  better  position  to  determine  just  what  method  of 
calculation  should  be  employed,  and  when  approved  and  adopted 
by  some  noted  society  and  published  in  their  proceedings  the  same 
would  be  copied  by  many  of  the  engineering  journals  of  the  world 
and  a  big  advancement  would  have  been  made  toward  the  uni- 
versal adoption  of  a  standard  in  coal  washing  calculations.  The 
writer  therefore  seriously  hopes  the  reading  of  this  paper  before 
your  society  will  create  some  interest  in  this  subject,  and  result 
in  some  steps  being  taken  along  the  lines  suggested.  There  are 
many  engineers  that  have  but  little  idea  of  coal  washing  on  account 
of  never  having  had  occasion  to  investigate  that  phase  of  the 
preparation  of  coal  but,  as  nearly  all  are  becoming  more  and  more 
interested  in  the  absolute  necessity  of  reducing  to  a  minimum  all 
losses  of  fuel,  and  as  it  is  a  well-known  fact  to  those  engaged  in 
coal-washing  engineering  that  washery  losses  in  many  cases  are 
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high,  would  it  not  be  well  to  investigate  this  subject  a  little  and 
see  if  some  action  cannot  be  taken  to  assist  in  any  way  possible 
that  may  result  in  reducing  these  heavy  losses? 

I  have  made  a  very  careful  study  of  this  subject  for  the  past 
twelve  years  and  in  fact  have  made  a  specialty  of  that  branch 
of  the  engineering  business.  In  my  own  work  I  have  adopted  a 
method  which,  after  very  careful  consideration,  I  feel  sure  is  one 
that  accomphshes  the  desired  results  and  not  only  makes  it  possible 
to  make  intelligent  comparisons  of  washery  results  but  also  gives 
an  absolute  check  on  all  items  of  a  test.  I  beg  to  submit  my 
method  to  the  consideration  of  your  society  and  sincerely  hope  it 
may  receive  your  approval,  if  not  in  entirety,  then  in  part,  and 
may  eventually  result  in  your  adopting  resolutions  of  a  nature 
that  will  be  of  assistance  to  those  working  for  better  results  and 
conditions  in  coal  washing. 

A  great  many  coal  companies  depend  almost  entirely  upon 
analyses  of  the  raw  coal,  washed  coal  and  refuse  for  the  determina- 
tion of  their  washery  results.  Analyses  alone  have  no  value 
whatever  in  the  determination  of  efficiency.  As  an  example, 
what  would  be  considered  a  low  ash  content  for  washery  refuse 
would  be  30  per  cent,  yet  such  a  material  could  not  be  con- 
sidered a  merchantable  coal.  There  is  nothing  about  the  analysis 
to  indicate  whether  each  individual  piece  would  analyze  30 
per  cent  ash  or  whether  it  was  a  result  of  a  combination  of  pieces 
some  of  which  might  analyze  65  or  70  per  cent  ash  and  others 
10  or  20  per  cent  ash.  If  a  perfect  separation  were  accomplished, 
there  should  be  no  free  pieces  of  coal  in  the  refuse  which,  if  placed  in 
the  washed  coal,  would  raise  the  ash  content  of  it  above  the 
desired  percentage.  As  it  is  an  absolute  fact  with  but  very  few 
exceptions  that,  as  the  specific  gravity  of  coal  increases,  so  will 
the  ash  content  increase  (not  necessarily  at  any  fixed  ratio  for 
all  coals),  the  simplest  method  of  separating  out  the  free  pieces 
of  good  coal  from  the  refuse  is  by  placing  the  sample  in  a  liquid  of 
a  density  such  that  the  good  coal  will  float  and  the  refuse  sink. 

The  use  of  this  float  test  is  very  valuable  in  preliminary  investi- 
gations of  coal-washing  propositions,  for  by  using  six  or  eight 
baths  of  densities  ranging  from  1.55  to  1.70  sp.  gr.  it  is  possible 
to  determine  just  what  separation  is  necessary  in  washing  the  coal 
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to  obtain  a  washed  product  of  the  desired  ash  (or  sulphur)  con- 
tent. The  bath  with  a  density  giving  this  result  is  the  one  which 
I  term  the  ''permissible  bath,"  and  this  density  or  specific  gravity 
is  used  throughout  all  of  the  balance  of  my  tests  upon  this  particu- 
lar coal,  whether  they  be  tests  of  the  raw  coal  or  of  the  washed 
coal  and  refuse  from  it.  This  is  very  important  and  is  the  basis 
of  my  method  of  calculating  washery  efficiencies.  As  an  example 
of  this,  I  do  not  consider  good  coal  as  that  only  which  has  an  ash 
content  of  the  desired  percentage,  but  all  coal  contained  in  the 
raw  material,  whether  high  ash  or  low,  which  in  combination  one 
with  the  other  results  in  a  combined  product  of  the  desired  ash 
content.  It  will  be  readily  understood  that  in  such  combinations 
some  pieces  of  coal  may  have  a  much  higher  ash  content  than  that 
of  the  total  float  sample  of  the  permissible  bath.  From  this  it 
will  be  understood  that  by  making  float  tests  of  both  the  washed 
coal  and  refuse,  using  the  permissible  bath  exclusively,  any  sink 
obtained  from  the  washed  coal  should  be  with  the  refuse,  and  any 
float  from  the  refuse  should  be  with  the  washed  coal.  If  the  analy- 
sis of  the  washed  coal  in  such  a  case  is  the  same  as  that  of  the  raw 
coal  float  from  the  permissible  bath  test,  then  it  will  be  found 
that  the  percentage  of  washed  coal  is  less  than  the  percentage  of 
float  last  mentioned.  The  float  from  the  refuse  is  good  coal  lost 
and  in  calculating  the  percentage  of  loss  I  do  not  figure  it  as  a 
percentage  of  the  original  total  raw  coal,  as  many  do,  but  as  a 
percentage  of  the  possible  amount  of  good  coal  contained  in  the 
raw  coal.  In  other  words,  I  consider  it  a  misnomer  to  say  that 
10  per  cent  of  the  raw  coal  is  lost  in  the  refuse  as  good  coal  when, 
for  instance,  the  raw  coal  was  composed  of  90  per  cent  good  coal 
and  10  per  cent  refuse  matter  to  be  discarded. 

Now  it  will  be  seen  that,  as  the  coal  loss  decreases  toward  zero, 
so  will  the  permissible  bath  sink  from  the  refuse  increase  toward 
100  per  cent  one  depending  entirely  upon  the  other.  Therefore, 
by  considering  the  efficiency  of  the  refuse  as  90  per  cent  where 
10  per  cent  float  was  obtained  on  the  permissible  bath  test, 
this  efficiency  would  cover  both  the  actual  refuse  efficiency  and 
the  efficiency  as  to  coal  loss.  Now  assuming  the  refuse  efficiency 
to  be  100  per  cent  and  th(^  coal  loss,  of  course,  zero,  yet  having  say 
a  5  per  cent  sink  resulting  from  the  permissible  bath  test  of  the 


134 


Original  Communications:  Eighth  International  [vol. 


washed  coal,  and  as  a  result,  a  lower  percentage  of  washed  coal 
than  should  be  obtained  as  indicated  by  the  permissible  bath 
test  of  the  raw  coal,  it  could  not  be  said  that  the  total  efficiency 
was  100  per  cent.  Instead,  by  taking  the  washed  coal  efficiency 
as  95  per  cent  (100-5  per  cent  sink)  and  then  figuring  the  total 
efficiency  as  an  average  of  both  the  washed  coal  and  refuse 
efficiencies,  or  97.5  per  cent,  the  true  total  efficiency  would  be 
obtained. 

By  the  adoption  of  this  method  the  following  series  of  formulae 
may  be  used,  which  make  it  possible  to  check  back  and  forth 
throughout  the  entire  test  and  in  case  certain  items  do  not  check, 
it  is  possible  to  determine  just  where  the  trouble  lies,  whether  in 
non-representative  sampling  either  for  float  tests  or  analyses, 
or  from  mistakes  in  weights  or  calculations  of  the  same. 

In  order  that  the  formulae  may  be  more  easily  understood  and 
carried  in  mind,  I  have  used  the  same  letters  for  designating  the 
same  samples,  etc.,  throughout  all  of  the  formulae. 

COAL  WASHING  FORMULAE 

L  =  Loss  of  Good  Coal  in  the  Refuse. 

W  =  Washed  Coal  Efficiency. 

R  =  Refuse  Efficiency. 

T  =  Total  Efficiency. 

D=per  cent  Reduction  of  the  Impurity. 

M  =  Percentage  of  the  Impurity  actually  removed  by  washing. 

a  =  per  cent  of  Raw  Coal.   (Always  is  100%). 

b  =  per  cent  of  Raw  Coal  Float. 

c  =  per  cent  of  Raw  Coal  Sink. 

d  =  per  cent  of  Ash  (or  Sulphur)  in  the  Raw  Coal. 

e  =  per  cent  of  Washed  Coal. 

f  =  per  cent  of  Washed  Coal  Float. 

g  =  per  cent  of  Washed  Coal  Sink. 

h  =  per  cent  of  Ash  (or  Sulphur)  in  the  Washed  Coal. 

i  =  per  cent  of  Refuse. 

j  =  per  cent  of  Refuse  Float. 

k  =  per  cent  of  Refuse  Sink. 

l  =  per  cent  of  Ash  (or  Sulphur)  in  the  Refuse. 
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Special  Note. — It  must  be  remembered  that  the  same  specific 
gravity  (permissible)  must  be  used  throughout  all  calculations 
with  these  formulae.  Likewise,  where  analyses  are  used,  they 
must  all  be  reduced  to  a  dry  basis,  otherwise  the  variation  in 
moisture  would  greatly  affect  the  results. 


Formula  No.  1. 


Formula  No.  2. 


Formula  No.  S. 


Formula  No.  4. 


Formula  No.  5. 


Formula  No.  6. 


Formula  No.  7. 


For  determining  the  value  of  (L). 
h 


For  determining  the  value  of  (W) . 
W  =  100-g. 

For  determining  the  value  of  (R  \ 
R  =  100-j. 

For  determining  the  value  of  (T). 


For  determining  the  value  of  (D). 
d 

For  determining  the  value  of  (M), 
j^^d-(eh) 


For  determining  the  value  of  (i). 

Ic-b 
i=g   =fc-gb 

Or,  if  value  of  (e)  is  known,  then,  i  =  100  — e. 
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Formula  No.  8. 


Formula  No.  9. 


Formula  No.  10. 


Formula  No.  11. 


For  determining  the  value  of  (e). 

-  b  — c 

e  =  i  -  =  kb-jc 

kf_g  kf-jg' 

i 

Or,  if  value  of  (i)  is  known,  then,  e  =  100  — i. 


For  determining  the  value  of  (i)  from  the 
analysis  data. 

.  d-h 

1  =  

1-h 

For  determining  the  value  of  (1) . 
d-he 


1  = 


For  determining  the  value  of  (h). 

,  d-U 

n=  

e 

If  the  Float  and  Sink  Tests  are  all  correct, 
the  following  formulae  should  check. 

Formula  No.  12. 

ji  +  fe  =  b 

and 
ki  +  ge  =  c. 

I  have  recently  written  another  paper  upon  this  subject  in  which 
I  went  into  more  detail  in  the  explanation  of  my  method  and 
other  coal-washing  problems  and  any  wishing  to  read  that  paper 
will  find  it  in  the  March  issue,  1912,  of  Mines  and  Minerals. 

In  conclusion,  I  again  wish  to  emphasize  the  great  need  and 
importance  of  such  data  to  coal  washing.  Were  a  standard  uni- 
versally adopted,  and  each  coal  company  engineer  to  make  careful 
tests  of  all  his  washeries  along  the  lines  specified,  and  were  he  to 
put  this  data  in  the  form  of  the  standard  report  and  publish  it 
in  some  one  of  the  engineering  journals,  the  result  would  be  of 
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very  great  assistance  not  only  to  others  engaged  in  that  business, 
but  to  himself  as  well.  It  would  make  it  possible  to  gather  a 
valuable  lot  of  data  together  which  eventually  would  show  the 
exact  nature  of  coal  to  which  each  type  of  washing  machine  was 
best  adapted  and  this  would  most  certainly  prove  to  be  of  great 
and  inestimable  value  to  all. 

The  sampling  of  the  coal  and  refuse,  whether  for  analyses  or 
float  tests,'  is  one  of  the  most  important  parts  of  the  work.  If 
the  samples  are  not  representative,  neither  the  analytical  work 
or  the  float  tests  will  have  any  value,  nor  can  it  be  expected  that 
the  work  will  check  out.  Too  much  attention  cannot  be  given 
this  matter  and  whenever  possible,  automatic  samplers  should 
be  used  in  taking  all  samples. 


(Published  by  permission  of  the  Director,  United  States 
Bureau  of  Mines.) 

INFLUENCE  OF  TEMPERATURE  ON  THE  DETERMI- 
NATION OF  VOLATILE  MATTER  IN  COAL 

By  a.  C.  Fieldner  and  A.  E.  Hall 
Bureau  of  Mines,  Pittsburgh,  Pa. 

In  a  previous  investigation^  of  the  causes  of  discordant  re- 
sults in  the  determination  of  volatile  matter  by  the  method^ 
recommended  by  the  committee  on  coal  analysis,  it  was  found  that 
the  principal  cause  was  in  the  variation  of  the  heat  treatment. 
Further,  in  working  with  different  types  of  coal,  evidence  was 
obtained  that  the  semi-bituminous  coals  from  the  Pocahontas 
and  New  River  fields  of  West  Virginia  were  more  sensitive  to 
variation  in  temperature  than  the  bituminous  coal  from  the 
Pittsburgh  bed. 

S.  W.  Parr^  in  his  studies  of  IlHnois  coal,  concludes  that  the 
principal  variation  depends  upon  the  speed  with  which  the  heavier 
or  richer  volatile  constituents  are  discharged  from  the  mass. 

It  is  essential  therefore  to  further  standardize  the  present  method 
by  specifying  a  definite  temperature  or  range  of  temperature  at 
which  the  determination  should  be  made. 

In  order  to  provide  data  on  which  to  base  a  practical  tempera- 
ture specification  that  will  give  the  most  uniform  analytical  re- 
sults with  anthracite  and  the  various  types  of  bituminous  coal, 
a  series  of  determinations  at  temperatures  ranging  from  750°  C. 
to  1 100°  C.  was  made  on  five  different  types  of  coal  and  one  sample 
of  metallurgical  coke. 

Apparatus 

The  arrangement  of  the  apparatus  is  shown  in  Fig.  1.  All  deter- 
minations, except  where  otherwise  stated,  were  made  in  the  same 
30-gram  platinum  crucible  (A)  which  was  fitted  with  a  special 

'Fieldner  and  Davis,  Journ.  Ind.  &  Eng.  Chem.  2,  304  (1910). 
'Jour.  Am.  Chem.  Soc,  21,  1122  (1899). 
'Jour.  Ind.  &  Eng.  Chem.  4,  352  (1912). 
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capsule  cover  (a).  The  crucible  had  a  net  volume  of  25  cc.  when 
the  cover  was  in  place.  The  cover  was  provided  with  three  plati- 
num tubulures,  through  two  (b)  of  which  were  inserted  the  snugly 
fitting  porcelain  tubes  that  contained  the  thermocouple  leads; 
to  the  third  tubulure  (c)  was  attached  a  quartz  (B)  tube  for  the 
introduction  of  nitrogen.  The  nitrogen  was  prepared  from  sodium 
nitrate  and  ammonium  chloride  by  gently  heating  a  mixture  of 
the  concentrated  solutions  according  to  the  method  of  Knorre.^ 


The  description  and  partial  analysis  of  the  samples  used  are 
given  in  the  following  table : 

TABLE  I 

Description  and  Partial  Analysis  of  the  Air-Dried  Samples 

Moisture 

Description  at  105°  C.    Ash  Sulphur 

Coke  0.20      4.74  0.48 

Anthracite,  Schuylldll  Co.,  Pa.  0.97     13.18  0.63 

Pocahontas  Coal,  McDowell  Co.,  W.Va.  0.45  8.02  0.62 
Pittsburgh  Coal,  Westmoreland  Co.,  Pa.  0.98  11.23  2.59 
Illinois  Coal,  Vermihon  Co.,  111.  3.87    12.48  2.23 

Colorado  Coal  (coking).  Las  Animas  Co.,  Colo.  1.08     9.05  0.66 


The  nitrogen  was  purified  by  washing  with  alkaline  pyrogallol 
solution  in  (C)  and  potassium  bichromate  solution  in  (D)  and  dried 
by  passing  through  the  U  -  tube  (E)  containing  granular  calcium 
chloride.  The  nitrogen  as  used,  contained  from  0.3  to  0.4% 
oxygen. 

The  temperature  of  the  furnace  was  controlled  by  varying  the 
current  through  a  rheostat  that  was  placed  in  series  with  the  fur- 
nace. The  furnace  temperature  was  kept  constant  during  each 
determination  by  maintaining  a  constant  current  through  the 
furnace  as  shown  by  an  ammeter  placed  in  the  circuit.  The 
furnace  temperature  was  measured  by  thermocouple  shown  at 
Cx.  All  measurements  of  the  cruciljle  temp(>rature  were  made 
with  a  carefully  calibrated  platinum-rhodium  couple  whose 
junction  (d)  was  in  contact  with  the  inside  surface  of  the  bot- 

'Chem.  Industrie  —  25,  531  (1902). 
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torn  of  the  crucible.  The  rather  short  leads  were  insulated  by 
porcelain  tubes  (e)  extending  through  the  closely  fitting  tubulures 
of  the  cover.  The  cold  junction  was  kept  at  the  temperature 
of  melting  ice.  Means  were  provided  for  readily  disconnecting 
the  thermocouple  at  the  cold  junction,  to  enable  weighing  the 
crucible  with  cover  and  thermocouple  before  and  after  each  deter- 
mination. 

Method 

The  method  of  procedure  in  the  determination  was  as  follows: 
The  crucible  and  cover  with  attached  thermocouple  was  weighed 
and  one  gram  of  the  air-dried  sample,  pulverized  to  60-mesh  size, 
was  transferred  to  the  crucible  and  the  cover  replaced.  The  cru- 
cible was  then  placed  in  a  platinum  wire  support  (F)  and  suspended 
about  30  centimeters  above  the  furnace  opening.  The  radiant 
heat  from  the  furnace  was  cut  off  by  an  asbestos  board.  The 
quartz  tube  (B)  was  then  slipped  over  the  projecting  platinum 
tubulure  on  the  cover  and  a  current  of  nitrogen  at  the  rate  of  four 
bubbles  per  second  passed  into  the  crucible  for  ten  minutes. 
Without  interrupting  the  current  of  nitrogen,  the  crucible  was  then 
quickly  lowered  into  the  hot  furnace,  the  temperature  of  which 
had  previously  been  brought  to  the  desired  point.  This  tempera- 
ture was  kept  practically  constant  during  the  determination; 
temperature  readings  were  taken  at  one-half -minute  intervals. 
The  rapid  evolution  of  volatile  matter  began  about  ten  seconds 
after  the  crucible  was  lowered  into  the  furnace  and  continued  for 
a  period  of  about  one  minute,  the  time  varying  slightly  with  the 
furnace  temperature.  During  this  period  of  rapid  evolution  of 
volatile  matter  the  current  of  nitrogen  was  interrupted  by  dis- 
connecting the  quartz,  and  platinum  tubes  to  avoid  pressure  in 
the  crucible;  after  the  rapid  evolution  had  subsided  the  tube  was 
replaced  and  the  current  of  nitrogen  continued.  The  time  of 
heating  was  exactly  seven  minutes;  at  the  end  of  the  seventh 
minute  the  crucible  was  quickly  lifted  out  of  the  furnace  and  al- 
lowed to  cool  without  interrupting  the  current  of  nitrogen.  Mean- 
while the  thermocouple  leads  were  disconnected  and  as  soon  as 
cool  the  covered  crucible  with  the  thermocouple  attached  was  at 
once  weighed. 
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The  difference  in  the  results  of  duplicate  determinations  at  the 
same  temperature  was  usually  less  than  0.2  per  cent.  A  few  dupH- 
cate  determinations  made  on  the  coals  high  in  volatile  matter 
differed  about  0.3  per  cent.  This  was  probably  due  to  the  de- 
composition of  some  of  the  heavy  hydrocarbons  in  the  porcelain 
thermocouple  tubes  with  a  consequent  deposition  of  carbon. 

In  order  to  determine  the  extent  of  any  oxidation  that  might 
have  taken  place  during  the  determination  either  from  incomplete 
expulsion  of  air  or  from  the  small  percentages  of  oxygen  in  the 
nitrogen,  a  number  of  tests  were  made  by  repeating  the  seven 
minutes'  heating  in  the  furnace  after  the  first  loss  in  weight  had 
been  taken  and  again  weighing.  The  method  of  procedure  in  this 
second  heating  of  the  sample  was  the  same  as  in  the  first  heating. 
The  crucible  cover  was  lifted  a  few  minutes  before  starting  the 
second  experiment  in  order  that  no  residual  nitrogen  be  left  in  the 
crucible  from  the  first  heating  and  thus  minimize  the  task  of  sweep- 
ing out  the  air  in  the  crucible  by  the  current  of  nitrogen.  The 
results  are  given  in  the  following  table : 


TABLE  II 
LOSS  IN  SECOND  HEATING 


Coal 

Mean  crucible  temperatures 
during  last  three  minutes 
C° 

Loss  in  weight  in  per 
cent  of  one-gram  • 
sample 

Pocahontas 

1004 

0.15 

Pocahontas 

1078 

0.15 

Anthracite 

912 

0.20 

Anthracite 

997 

0.30 

Anthracite 

1078 

0.35 

Coke 

757 

0.20 

Coke 

912 

0.05 

Coke 

1020 

0.20 

Coke 

1070 

0.25 

In  one  of  the  above  tests  a  sample  of  coke  was  heated  for  one 
hour  at  about  1000°  C.  then  weighed  and  the  determination  made 
by  heating  seven  minutes  in  an  atmosphere  of  nitrogen.    A  loss  in 
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weight  of  0.20  per  cent  was  again  obtained.  Therefore  it  would 
seem  that  the  additional  losses  in  Table  II  are  due  to  oxidation 
rather  than  to  further  evolution  of  volatile  matter. 

The  curves  in  Fig.  2  have  not  been  corrected  for  the  oxidation 
loss  as  it  is  constant,  within  the  experimental  error  of  the  deter- 
mination. 

EXPERIMENTAL  DATA 

The  results  obtained  in  the  determination  of  volatile  matter  at 
various  temperatures  according  to  the  above-described  method 
are  given  in  Table  III,  and  graphically  illustrated  in  the  curves 
of  Fig.  2. 

TABLE  III 

Volatile  Matter  at  Different  Temperatures 


0° 

Coke 

Anthracite 

Pocahontas 

Pittsburgh 

Colorado 

Illinois 

Temperatures 

V.M.in% 

V.M.in% 

V.M.in  % 

V.M.  in  % 

V.M.in  % 

V.M.  in  % 

740-  745 

0.40 

32.86 

32.99 

745-  750 

2.84 

2.96 

14.66 

32.38 

750-  755 

0.51 

14.80 

33.13 

33.00 

755-  760 

0.56 

32.51 

765-  770 

2.93 

770-  775 

33.68 

785-  790 

33.69 

790-  795 

33.70 

795-  800 

3.25 

33.89 

805-  810 

0.55  \ 
0.54  / 

15.85 

34.05 

34.07 

810-  815 

0.60 

3.33 

34.11 

33.60 

815-  820 

3.23 

825-  830 

16.17 

33.98 

835-  840 

0.63 

840-  845 

3.57 

850-  855 

3.59 

34.12 

855-  860 

0.53 

34.70 

34.54 

860-  865 

0.44 

34.75 

34.63 

865-  870 

3.70 

870-  875 

0.53 

885-  890 

16.49 

890-  895 

16.45 

895-  900 

34.99 

905-  910 

3.93 

34.57 

910-  915 

0.68 

4.15, 

16.70  1 

34.62 

915-  920 

16.92  J 

34.75 

34.80 
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Coke 

Anthracite 

Pocohontas 

PittsburE 

Colorado 

Illinois 

Temperatures 

V.M.  in  % 

V.M  .in  % 

V.M.  in  % 

V.M.  in  % 

V.M.  in  % 

V.M.  in  % 

920-  925 

35.18 

935-  940 

0.71 

955-  960 

34.93 

35.60  ] 

960-  965 

17.03 

35.00 

34.94 

35.70  J 

965-  970 

0.80 

34.92 

970-  975 

0.85 

4.63  1 

17.13 

975-  980 

4.63  J 

1000-1005 

34.87 

1005-1010 

0.95 

17.10 

34.82 

34.97 

35.55  1 

1010-1015 

0.91 

4.86 

35.02 

35.86  J 

1015-1020 

5.00 

1025-1030 

17.30 

1050-1055 

1.02 

35.63 

1055-1060 

1.02 

35.89 

1060-1065 

17.21  1 

34.72 

34.89 

1065-1070 

5.19 

17.33  J 

34.82  . 

34.97 

1075-1080 

5.36 

1085-1090 

17.35 

1110-1115 

5.60 

17.49 

1120-1125 

1.22 

1125-1130 

5.71 

1130-1135 

>  1.25 

These  curves,  although  too  few  in  number  to  warrant  sweeping 
conclu.sions,  indicate  that  discordant  results  may  be  expected 
when  volatile  matter  determination  are  made  in  the  region  below 
850  degrees  where  all  the  curves  have  a  considerable  upward 
slope.  A  comparatively  slight  variation  of  temperature  in  this 
part  of  the  curve  will  produce  appreciable  differences  in  volatile 
matter.  The  curves  for  Colorado,  Illinois  and  Pittsburgh  coal 
are  practically  horizontal  betvv^een  950°  and  1050°  C,  while  the 
Pocahontas  curve  retains  a  slight  upward  inclination  beyond  950°  C. 

The  curve  for  anthracite  is  remarkable  in  that  it  is  a  straight 
line  between  750°  C.  and  1100°  C.  This  marked  upwartl  inclina- 
tion of  the  anthracite  curve  confirms  the  conclusions  of  Meade 
and  Attix*  and  Shimer,^  who  noted  that  anthracite  and  coke 
gave  more  volatile  matter  when  heated  over  the  blast  lam])  than 
when  heated  in  the  flame  of  a  liunscn  burner. 

'Jour.  Am.  Chem.  Soc,  21,  1137  (1899). 
'Jour.  Inrl.      EnR.  Chcin.  /,  51S  (1909). 
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From  the  analj^tical  standpoint  1000  degrees  C.  appears  to  be 
the  most  favorable  temperature  for  the  determination  of  volatile 
matter.  A  deviation  of  twenty-five  degrees  from  this  point  would 
not  produce  a  serious  change  in  the  yield  of  volatile  matter,  except 
in  the  case  of  anthracite,  and  since  this  curve  is  a  straight  line, 
the  diflference  in  volatile  matter  for  any  two  consecutive  points 
would  be  the  same  for  any  part  of  the  curve. 

In  Table  IV  are  given  the  results  of  a  number  of  determinations 
made  in  the  electric  furnace,  at  crucible  temperatures  within  the 
limits  of  1000°  and  1030°  C.  to  show  the  effect  of  the  addition  of 
kerosene,  and  of  the  use  of  the  capsule  cover  with  both  the  30- 
gram  and  10-gram  crucible,  as  a  means  of  reducing  oxidation 
when  making  the  determination  in  air.  In  columns  A,  B,  C,  and 
D  the  same  crucible  with  the  special  cover  was  used  as  shown  in 
Fig.  1 .  In  column  E,  an  ordinary  crucible  cover  was  used  on  the 
same  30-gram  crucible.  In  column  F  a  10-gram  crucible  with 
capsule  cover  was  used.  This  cover  was  the  cap  from  the  bottom 
of  a  20  cc.  platinum  Gooch  crucible.  The  net  volume  of  the  30- 
gram  crucible  with  the  capsule  cover  in  place  was  25  cc.  The  net 
volume  of  the  10-gram  crucible  with  the  capsule  cover  in  place  was 
about  5  cc. 

The  method  of  procedure  of  the  experiments  in  columns  A  and 
B  was  the  same  as  previously  described.  This  procedure  was 
slightly  modified  for  the  experiments  in  columns  C  and  D  in  that 
no  nitrogen  was  passed  into  the  crucible  either  before  or  during 
the  seven-minute  period  of  heating.  The  quartz  tube  (B,  Fig.  1), 
however,  was  kept  connected,  except  during  the  period  of  rapid 
ev(jlution  of  volatile  matter.  Just  before  lifting  the  crucible  out 
of  the  furnace  the  current  of  dry  nitrogen  was  started  and  kept 
flowing  into  the  crucible  until  it  had  cooled  in  order  to  prevent 
absorption  of  moisture  by  the  dry  coke.  In  the  experiments  in 
columns  E  and  F  the  crucible  was  cooled  in  a  desiccator  over  cal- 
cium chloride. 

A  comi)arison  of  the  results  given,  under  A,  B,  C  and  D  indicate 
little,  if  any,  advantage  in  the  use  of  kerosene.  In  the  case  of 
coke  and  anthracite  a  few  drops  will  aid  in  r(Mlucing  oxidation, 
V)y  ex])elling  the  air  in  the  crucil)le  wlu^n  nitrogen  is  not  used.  A 
few  tests  made  to  determine  the  weight  of  carbon  deposited  in  the 
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30-gram  crucible  from  20  drops  of  kerosene  by  heating  in  nitrogen 
gave  an  average  carbon  deposit  on  the  crucible  walls  that  weighed 
.0015  grams.  The  same  experiment  repeated  with  the  10-gram 
crucible  with  capsule  cover  gave  no  deposit.  This  may  partly 
account  for  the  low  results  obtained  with  coke  in  column  B. 

A  comparison  of  the  results  in  columns  D  and  E  shows  that 
oxidation  is  materially  reduced  by  the  use  of  a  tightly  fitting  cap- 
sule cover  in  place  of  the  ordinary  crucible  cover.  This  oxidation 
is  further  reduced  by  the  use  of  a  10-gram  crucible  with  capsule 
cover  to  a  point  that  is  in  practical  agreement  with  the  results 
obtained  in  an  atmosphere  of  nitrogen,  as  shown  by  a  comparison 
of  columns  A  and  F. 

TABLE  V 

A  COMPAKISON  OF  THE  ELECTRIC  FURNACE  AND  THE  NO.  4  MEKER 


BURNER    FOR    THE    DETERMINATION    OF  VOLATILE 
MATTER  AT  1000  °C. 


Kind  of  Coal 

Electric  Furnace  30-gram 
crucible.  Atmosphere 
of  Nitrogen 

No.  4  Meker  burner.  Natural 
Gas  (at  an  average  pressure  of 
12.54  of  water).    Flame  17 
cm.  high.   Bottom  of  cru- 
cible 5  cm.  above  burner. 
30  gram  crucible.  At- 
mosphere of  Nitrogen 

Differ- 
ences in 
Average 

Values 

%  Volatile  matter 

C. 

%  Volatile  Matter 

°c. 

Coke 

0.95 

1010 

1.17 

1000 

OMl 

1020 

1.10 

1011 

+0.20 

0.93 

1.13 

Anthracite 

5.00 

1019 

5.43 

1010 

4.86 

1012 

5.28 

1013 

+0.42 

4.93 

5.35 

Pocahontas 

17.10 

1010 

17.25 

1015 

17.30 

1028 

17.36 

1026 

+0.08 

17.20 

17.28 

Pittsburgh 

34.82 

1010 

34.77 

1031 

34-87 

1003 

34.90 

10.27 

-0.02 

34.85 

34.83 

Illinois 

35.55 

1012 

36.38 

992 

35.86 

1014 

36.06 

989 

+0.52 

35.70 

36.22 

In  Table  V  is  given  a  comparison  of  the  results  obtained  by  the 
use  of  the  electric  furnace  and  the  No.  4  Meker  burner  in  the  de- 
termination of  volatile  matter  at  about  1000°  C.  There  seems  to 
be  a  tendency  to  get  slightly  higher  results  in  the  determinations 
made  over  the  gas  burner;  this  may  be  due  to  the  more  rapid  rise 
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of  temperature  that  takes  place  when  the  crucible  is  placed  in  the 
gas  flame.  The  temperature  readings  that  were  taken  at  one- 
half-minute  intervals  during  the  seven-minute  period  of  heating, 
for  a  number  of  typical  determinations,  are  given  in  Table  VI  and 
Fig.  3. 

SUMMARY 

Curves  showing  the  influence  of  temperature  on  the  yield  of 
volatile  matter  are  given  for  five  typical  coals  and  one  coke.  The 
character  of  these  curves  varies  with  different  types  of  coal. 

Anthracite  and  semi-bituminous  coal  suffer  a  greater  change  in 
volatile  matter  with  a  given  change  in  temperature  than  bitumi- 
nous coal. 

1000°  C.  is  recommended  as  the  standard  crucible  temperature; 
in  the  work  given  in  this  paper  the  reference  point  for  temperature 
measurement  was  inside  the  crucible  with  the  junction  of  the  ther- 
mocouple in  contact  with  the  bottom. 

The  use  of  a  small  crucible,  10  or  15  cc.  capacity,  with  a  closely 
fitting  capsule  cover  reduces  oxidation  and  promotes  more  uni- 
form results. 

Either  the  electric  furnace  or  the  Meker  burner  may  be  used, 
provided  the  desired  temperature  can  be  obtained  and  properly 
regulated.  However,  the  electric  furnace  has  the  advantage  of 
more  accurate  regulation. 


A  COMPARISON  OF  THE  ENGLER  AND  SAYBOLT 
VISCOSITIES  OF  MIXED  OILS 

By  T.  T.  Gray 
Tide  Water  Oil  Company,  Bayonne,  N.  J. 

A  recent  study^  of  the  viscosities  of  mixed  lubricating  oils  has 
suggested  to  the  writer  the  desirabihty  of  determining,  whether, 
when  two  oils,  one  of  high  and  one  of  low  viscosity,  are  mixed  in 
tenths  by  weight  and  the  viscosities  of  the  mixtures  taken,  the  curves 
expressing  the  results  will  be  similar  when  different  viscosimeters  of 
the  same  general  type  are  used.  The  Engler  and  Saybolt  instruments 
were  selected  for  comparison,  and  the  results  obtained  plotted. 

The  Engler  results  are  expressed  as  specific  viscosities,  obtained 
by  dividing  the  time  of  the  flow  of  the  oil,  by  the  time  of  flow 
of  distilled  water  at  20°  C. ;  and  the  Saybolt  viscosities  as  the  time 
of  flow  of  the  oil  in  seconds,  using  in  the  first  series  the  old 
style  instrument  for  engine  oils,  and  in  the  second  and  third  series, 
the  Saj^bolt  ''Standard  Universal  Viscosimeter."  All  samples 
worked  on  were  made  from  Pennsylvania  Crude  Petroleum. 

FIRST  SERIES 


This  series  was  made 

up  of  mixture 

in  tenths  by  wei^ 

?ht  of  a 

low  viscosity  lubricating  oil  C'L")  and  a 

high  viscosity  lubricating 

oil  C'H"). 

A 

B 

B 

Engl 

er  Instrument  Saybolt  Instrument 

Specific  Viscosities 

Viscosities  at 

A 

at  20°  C. 

70°  F. 

High  Viscosity  Oil  C'H" 

)  25.56 

406 

15.88 

90%  ''H,"  10%  ''L" 

20.04 

321  . 

16.02 

80%  ''H,"  20%  "L" 

16.25 

265 

16.31 

70%  "H,"  30%  ''L" 

13.37 

216 

16.16 

60%  "H,"  40%  "L" 

10.90 

185 

16.97 

50%  "H,"  50% 'V 

9.04 

149 

16.48 

40%  "H,"  60%  "L" 

7.68 

126 

16.41 

30%  "H,"  70%  ''L" 

6.39 

108 

16.90 

20%  "H,"  80%  ''L" 

5.52 

92 

16.67 

10%  "H,"  90%  "L" 

4.67 

83 

17.77 

Low  viscosity  Oil  ''L" 

4.10 

70 

17.07 

The  results  are  plotted  in  Fig.  1.  (The  viscosities  as  ordinates, 
and  the  percentage  of  ''L"  as  abscissae.) 
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SECOND  SERIES 

In  this  case,  the  samples  were  prepared  from  a  high  viscosity 

steam  refined  cyhnder  oil  '^S/'  and  a  low  viscosity  Black  Oil 

"B."    The  mixtures  were  tested  with  the  following  results: 

A  B 
Engler  Instrument    Standard  Universal  £_ 
Specific  Viscosities  Instrument  Viscosities  A 
at  100°  C.  at  210°  F. 


Cylinder  Stock  ^^S" 

4.96 

201 

40.52 

90%  ^^S,"  10%  "B" 

4.39 

186 

42.37 

80%  ''S,"  20%  "B" 

4.10 

168 

40.98 

70%  '^S/'  30%  "B" 

3.78 

153 

40.48 

60%  "S,"  40%  "B" 

3.43 

140 

40.82 

50%  "S,"  50%  "B" 

3.22 

129 

40.06 

40%  ''S/'  60%  ''B" 

3.04 

117 

38.48 

30%  "S/'  70%  "B" 

2.80 

108 

38.57 

20%  "S,-"  80%  '^B" 

2.61 

100 

38.31 

10%  "S,"  90%  ''B" 

2.51 

92 

36.65 

Black  Oil  "B" 

2.37 

86 

36.29 

These  results  are  shown  graphically 

in  Figure  2. 

THIKD  SERIES 

The  samples  of  this 

series  were  made  from  two  highly  refined 

oils,  one  of  high  and  one  of  low  viscosity,  which  are  designated 

("C")  and  C'D")  respectively. 

These  mixtures  were  tested  with  the  following  results: 

A 

Engler  Instrument 

a 

Standard  Universal 

B 

Specific  Viscosities     Instrument  Viscosities 

A 

at  100°  C. 

at  210°  F. 

High  Viscosity  Oil 

'  3.86 

152 

39.38 

90%  "C,"  10%  "D" 

3.41 

131 

38.42 

80%  "C,"  20%  ''D" 

3.02 

117 

38.74 

70%  "C,"  30% '^D" 

2.75 

102 

37.09 

60%  "C,"  40%  "D" 

2.49 

91 

36.55 

50% '^C,"  50%  "D" 

2.24 

81 

36.16 

40%  "C,"  60%  '^D" 

2.02 

74 

36.63 

30%  "C,"  70%  "D" 

1.88 

67 

35.64 

20%  ^'C,"  80%  "D" 

1.76 

62 

35.23 

10%  "C,"  90%  ''D" 

1.63 

56 

34.36 

Low  viscosity  Oil  "D" 

1.57 

53 

33.76 
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These  results  are  plotted  in  Figure  3. 

The  factors  —  shown  in  the  third  columns,  were  obtained  by 
A 

dividing  the  Saybolt  Viscosities  by  the  Engler  Specific  Viscosities. 
From  these  factors  Engler  results  can  readily  be  converted  into 
Saybolt  viscosities,  and  vice  versa. 


lA  comparison  of  the  Calculated  and  Determined  Viscosity  Numbers 
''Engler)  and  Flashing  and  Burning  Points  In  Oil  Mixtures,  by  H.  C.  Sher- 
man, T.  T.  Gray  and  H.  A.  Hammerschlag.  Joun.  Ind.  Eng.  Chem.  Vol.  1. 
No.  1,  Jan.  1909. 


Sixty  Horse  Power  Korting  Peat  Gas  Producer  at  Government 
Fuel  Testing  Station,  Ottawa,  Canada. 


THE  PRODUCTION  AND  UTILIZATION  OF  PEAT;  FOR 
POWER  PURPOSES  WITH  SPECIAL  REFERENCE 
TO  THE  KORTING  PEAT  PRODUCER-GAS 
POWER  PLANT  INSTALLED  AT  THE 
FUEL  TESTING  STATION  OF 
THE  DEPARTMENT  OF 
MINES,  OTTAWA, 
CANADA 

By  B.  F.  Haanel,  B.  Sc. 
Chief  Engineer,  Division  of  Fuels  and  Fuel  Testing,  Mines  Branch^ 
Department  of  Mines,  Ottawa,  Canada 

The  active  interest  taken  by  the  Canadian  Government  in 
assisting  the  exploitation  of  peat  bogs  and  the  establishment 
of  a  peat  fuel  industry  on  a  firm  commercial  basis  was  prompted 
by  the  dependence  of  the  central  provinces  of  Canada  on  some 
foreign  source  for  their  fuel  supply. 

This  dependence  is  due  to  an  absence  of  coal  measures;  the 
rapidly  decreasing  supply  of  wood,  which  can  no  longer  meet  the 
demands  for  industrial  and  domestic  purposes;  and  finally,  the 
prohibitive  cost  of  hauling  coal  from  our  own  mines  —  situated 
in  the  extreme  east  and  west  —  to  distributive  points  in  these 
provinces. 

But  while  this  portion  of  Canada  is  devoid  of  bituminous  or 
anthracite  coal  measures,  large  areas  are  covered  with  peat  bogs 
which  contain  peat  of  excellent  quality,  eminently  suitable  for 
the  manufacture  of  peat  fuel.  If  all  the  peat  bogs  possessing  the 
requisite  qualities  were  exploited  for  the  manufacture  of  fuel, 
the  demand  for  both  domestic  and  industrial  purposes  could  be 
met  for  years  to  come,  and  the  Provinces  rendered  independent 
of  outside  sources  for  a  fuel  supply. 

The  assistance  rendered  the  development  and  exploitation  of 
these  peat  bogs  by  the  establishment  of  a  demonstration  peat  fuel 
manufacturing  plant  erected  on  a  })og  acquired  by  the  Government, 
and  the  installation  of  a  ])eat  i)roducer-gas  power  plant  at  the 
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Fuel  Testing  Station,  Ottawa,  has  already  borne  fruit,  by  awak- 

eniag  general  interest  in  the  possibilities  of  utilizing  peat  fuel  for  , 

power  and  domestic  purposes  and  since  these  demonstration  plants  i 
erected  by  the  Government  were  purchased  —  after  exhaustive 
investigation  by  competent  engineers  —  they  may  be  regarded 

as  examples  of  the  most  successful  and  economic  methods  for  the  | 

manufacture  of  peat  fuel,  and  its  utilization  for  power  purposes.  | 

The  experimental  work  done  by  the  Canadian  Government  has  j 

led  to  most  gratifying  results,  especially  in  the  case  of  the  pro-  | 

ducer-gas  power  plant,  where  much  original  work  —  involving  the  | 

complete  reconstruction  of  the  plant  —  had  to  be  done  before  it  ] 

could  be  pronounced  a  success.    For  this  reason,  a  description  of  i 

the  process  employed  for  the  manufacture  of  air-dried,  machine  i 

peat  fuel,  and  its  utilization  for  power  purposes,  in  what  I  believe  j 

to  be  the  only  producer-gas  plant  on  this  continent  especially  de-  ] 

signed  for,  and  successfully  using,  peat  fuel,  may  not  be  witho\it  | 

interest.  j 

I 

MANUFACTURE  OF  AIR-DRIED  MACHINE  PEAT  | 

The  raw  peat  contained  in  the  average  well-drained  bog  contains 
from  85-90  per  cent  of  water.  Before  the  peat  taken  from  the 
bog  is  suitable  for  burning,  the  greater  portion  of  the  water  must 

be  removed.  i 

Many  processes  have  been  invented  for  drying  peat  and  manu- 
facturing it  into  a  suitable  fuel;  but  the  majority  of  these  processses  ' 
have  depended  upon  drying  by  the  application  of  artificial  heat,  ; 
and  for  the  mechanical  expulsion  of  the  water  by  means  of  powerful  j 
presses.  Such  processes  are  not  economic,  as  costly  and  exhaustive  ' 
experimentation  has  demonstrated. 

At  the  present  time  the  only  economic  and  successful  process  . 

for  manufacturing  peat  fuel  is  that  which  mechanically  treats  the  ■ 

raw  peat,  and  utilizes  the  sim's  heat  for  drying.   This  process  is  em-  ' 

ployed  at  the  Government  peat  plant,  Ottawa.  j 

The  raw  peat  excavated  from  the  bog  is  fed  into  a  pulping  mill,  ; 

which  consists  of  a  series  of  revolving  knives,  rotating  against  ] 

fixed  knives.    By  means  of  the  mechanical  treatment  to  which  j 

the  peat  is  subjected  in  the  mill,  the  peat  from  the  different  layers  \ 

of  the  bog  is  mixed,  and  the  cell  walls  broken  up.  i 
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By  thoroughly  mixing  the  peat  from  the  different  layers  in  the 
bog,  a  homogeneous  peat  mass  results,  and  the  destruction  or 
breaking  up  of  the  cell  walls  enables  the  contained  moisture  to 
evaporate  more  easily.  The  quality  of  the  fuel  depends  on  the 
thoroughness  with  which  these  processes  arc  carried  out. 

After  thorough  pulping,  the  peat  is  taken  to  the  drying  field, 
where  it  is  spread  out,  and  cut  up  into  blocks  of  suitable  size. 
The  surfaces  of  the  peat  blocks  are  now  exposed  to  the  wind, 
and  the  sun's  heat;  and  when  drying  on  the  exposed  side  has 
proceeded  far  enough,  the  blocks  are  turned  over,  thus  exposing 
the  under  surface  to  the  sun  and  wind  also. 

The  following  are  a  few  of  the  advantages  resulting  from  the 
the  pulping  of  the  raw  peat: 

(1)  Increase  in  density,  and  greater  resistance  to  breakage. 

(2)  The  formation  of  a  gelatinous  skin  over  the  surfaces  of  the 
peat,  which  renders  it  practically  waterproof,  and  prevents  the 
absorption  of  moisture  from  without.  The  usual  explanation 
advanced  for  this  phenomenon  is  that  the  skin  swells  during  damp 
or  rainy  weather,  and  closes  its  pores,  which  prevents  the  moisture 
from  entering  the  interior.  In  dry  weather,  these  pores  open 
again  and  the  drying  process  continues  at  practically  the  same 
content  of  moisture  which  the  peat  had  before  the  rain. 

(3)  Loss  in  manufacture  —  due  to  fines,  broken  blocks,  etc. —  is 
reduced  to  a  minimum. 

In  addition  to  the  above  advantages  resulting  from  this  method 
of  manufacturing  peat  fuel,  it  has  been  demonstrated  in  our 
manufacturing  operations  —  covering  a  period  of.  over  two  sea- 
sons, during  which  time  over  3000  tons  of  peat  fuel  were  manu- 
factured —  that  the  fuel  can  stand  handling  and  long  transporta- 
tion without  breaking,  and  indefinite  storage  under  cover. 

Over  15  tons  of  peat  fuel  were  piled  in  the  open  air,  exposed 
to  rain,  snow,  and  severe  freezing  during  the  autumn,  winter, 
and  spring,  at  the  end  of  this  time,  examination  showed  that  no 
appreciable  deterioration,  of  its  physical  properties,  or  heating 
value,  had  taken  place. 

MOISTURE 

By  open-air  drying  the  moisture  content  is  reduced  to  25-30 
per  cent,  and  it  does  not  appear  to  be  feasible  or  economical  to 
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reduce  the  moisture  content  further.  Air-dried  machined  peat, 
when  ready  for  the  market,  for  domestic  or  industrial  uses,  is, 
therefore,  assumed  to  contain  from  25-30  per  cent  moisture .i 

DISADVANTAGES  OF  THE  PROCESS,   AS  CARRIED  ON  AT  THE 
GOVERNMENT  PLANT 

The  peat  suppHed  to  the  peat  machine  (pulping  mill)  is  dug  en- 
tirely by  hand.  This  entails  the  labor  of  seven  men.  For  filling 
the  cars,  one  man  is  employed,  while  for  spreading  and  cutting 
the  peat  three  more  men  are  necessary.  This  number  of  laborers 
—  together  with  one  engineer,  and  two  boys — brings  the  total  up 
to  13. 

Under  the  existing  condition  of  the  high  cost  of  labor,  this  hand 
labor  method  cannot  be  employed  for  the  manufacture  of  a  fuel 
fuel  sufficiently  cheap  to  stand  the  cost  of  considerable  trans- 
portation, and  still  compete  with  coal  on  the  open  market.  The 
estimated  cost  of  one  ton  (2000  lbs.)  of  peat  fuel,  containing  25 
per  cent  moisture,  I  have  estimated  to  be  $2.00,  —  including 
interest  on  capital,  sinking  fund,  repairs,  and  a  small  profit  of 
about  15  cents  per  ton.  But  this  only  holds  true  when  the  plant 
is  operated  at  full  capacity,  namely,  30  tons  per  day,  for  a  period 
of  about  100  days. 

To  overcome  the  disadvantages  due  to  labor  conditions,  we  have 
recommended  that  the  process  be  carried  out  by  automatic 
machinery,  as  far  as  possible.  The  excavation  and  spreading  — 
the  two  items  involving  the  largest  amount  of  labor  —  should  be 
performed  automatically.  In  addition,  the  output  should  be 
increased,  and  the  plant  worked  night  and  day;  in  order  to  fur- 
ther reduce  the  overhead  charges. 

These  recommendations  have  been  taken  advantage  of  by  a 
company  who  are  now  installing  a  plant  of  large  capacity,  in  which 
hand  labor  will  be  largely  replaced  by  mechanical  appliances. 

GASIFICATION  OF  PEAT  FUEL 

By  far  the  most  extensive  field  for  the  successful  utilization  of 
peat  in  Canada,  is  in  my  opinion,  offered  by  its  conversion  into 
power  —  electrical  or  otherwise  —  through  the  medium  of  pro- 
ducer-gas power  plants.    On  account  of  the  large  volume  of  peat 
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fuel,  and  its  low-heating  value,  it  cannot  be  recommended  for 
steam-raising  purposes. 

The  high  percentage  of  nitrogen  contained  in  the  Canadian 
peat  bogs  so  far  examined,  peculiarly  adapts  the  peat  for  gasifica- 
tion in  plants  designed  for  ammonia  recovery.  And  since  the 
imports  of  artificial  fertilizers  are  annually  increasing,  the  recovery 
of  the  nitrogen  in  the  peat,  as  ammonium  sulphate,  is  not  only 
most  important,  but  should  be  attempted  wherever  it  is  possible 
to  do  so  economically. 

TYPES  OF  PRODUCERS 

There  are  two  principal  methods  at  present  employed  for  the 
utilization  of  peat  in  gas  producers: 

[^(1)  The  direct  conversion  of  the  heat  energy  of  peat  into  work 
by  its  gasification  in  a  producer  not  constructed  for  recovery 
of  by-products;  hence  a  producer  designed  to  burn  the  fuel  with 
the  highest  possible  thermal  eflSciency. 

(2)  The  conversion  of  the  heat  energy  of  peat  into  useful  work 
by  its  gasification  in  a  producer  designed  for  the  recovery  of  the 
commercial  by-products.  The  production  of  power  gas  might, 
in  this  case,  be  termed  the  by-products. 

The  first  type  —  that  designed  for  the  direct  conversion  of  the 
heat  energy  of  peat  into  useful  work,  where  the  principal  aim  is 
the  production  of  power  gas  with  the  highest  possible  thermal 
efficiency  —  is  the  one  most  commonly  in  use.  To  this  type  be- 
longs the  Korting  peat  gas  producer  erected  at  the  Fuel  Testing 
Station,  Ottawa. 

In  designing  this  producer,  the  makers  aimed  at  the  complete 
gasification  of  all  the  combustible  components  in  the  peat;  no 
attempt  being  made  to  recover  any  of  the  by-products,  but  rather 
to  destroy  them. 

The  small  percentage  of  fixed  carbon,  large  amount  of  volatile 
matter,  and  the  comparatively  large  amount  of  moisture  con- 
tained in  the  peat  it  is  desired  to  burn  in  the  producer,  renders  this 
fuel  more  or  less  difficult  to  use  successfully  in  producers  designed 
for  either  bituminous  coals,  or  lignite,  although  some  of  the  prop- 
erties of  lignite  closely  resemble  those  of  peat.  Peat,  moreover, 
is  a  very  poor  conductor  of  heat,  and  this  negative  property,  to- 
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:.  .rxo.^.— Korting  Peat  Gas  Producer. 
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gether  with  the  high  moisture  content,  tends  to  confine  the  com- 
bustion in  a  down-draft  producer  to  the  peat  near  the  Hning. 
Hence  it  is  impossible  to  maintain  the  fuel  level  to  insure  the  re- 
quired depth  of  hot  peat  coke  through  which  to  pass  the  volatile 
matter  and  moisture  driven  off  at  the  top,  or,  to  supply  the 
requisite  quantity  of  gas  per  square  foot  of  grate  surface. 

This  can  be  partially  overcome  by  introducing  a  supply  of  pre- 
heated air  into  the  centre  of  the  fuel  bed :  thus  increasing  the  sur- 
face of  combustion. 

KORTING  PEAT  GAS  PRODUCER 

The  difficulties  enumerated  above  are  overcome  in  the  producer 
designed  by  the  Korting  Brothers.  In  this  producer  two  com- 
bustion zones  are  employed:  one  situated  near  the  top,  and  the 
other  near  the  bottom  of  the  producer.  The  function  of  the  top 
zone  is  to  distill  off  the  volatile  matter,  and  to  evaporate  the  mois- 
ture from  the  peat.  As  a  result  of  this  operation  the  peat  is  coked, 
and  this  coke  is  then  fed  to  the  lower  zone.  The  gases,  hydro- 
carbon vapors,  and  moisture  evolved  in  the  upper  zone,  are  now 
caused  to  pass  through  the  hot  peat  coke  in  the  lower  zone. 

It  was  expected  that  these  products  of  the  distillation  of  the 
peat  in  the  upper  zone,  by  being  passed  through  the  incandescent 
peat  coke  of  the  lower  zone,  would  result  in  a  producer  gas  free 
from  tar. 

In  practice,  however,  this  has  not  been  realized  in  the  experi- 
ments conducted  with  the  Korting  producer.  A  certain  quantity 
of  tar  was  always  found  to  leave  the  producer  with  the  gas,  and 
required  to  be  separated  out  by  a  suitable  cleaning  system. 

DESCRIPTION  OF  PRODUCER 

The  producer,  as  originally  erected,  is  shown  in  section  and 
elevation,  in  Figs.  1,  2  and  3,  and  in  perspective  in  Plate  1.  It 
consists  of  a  rectangular  steel  shell  with  the  following  outside  di- 
mensions: 2'-9'' X  5^-2'^,  in  horizontal  section,  and  15^-0''  high, 
from  floor  level  to  top  of  charging  hoppers.  For  cleaning  fires  and 
removing  ashes,  12  doors  are  provided:  4  on  each  side,  and  4  on 
the  back.    These  doors  are  shown  on  Plate  1. 

Figure  2  shows  the  two  combustion  zones  F-F  at  the  top,  and 
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M  at  the  bottom.  F-F  represents  inclined  grate  bars:  and  D-D 
doors  for  poking  and  cleaning  the  fires  resting  on  the  grates  F-F. 
The  ashes  resulting  from  the  combustion  of  the  fuel  on  these 
grates  drop  into  the  chambers  Z-Z,  and  are  removed  from  the 
doors  E-E.  The  gases  evolved  at  this  zone  are  drawn  off  through 
the  chamber  B.  The  dust  and  tar  which  are  caught  in  this  cham- 
ber are  removed  through  door  P  on  the  back  of  the  producer,  as 
shown  in  Fig.  2.    A-A  represents  charging  hoppers. 

M,  on  Fig.  1,  represents  the  grate  bars  of  the  lower  zone,  and 
I-I  the  doors  through  which  the  fires  of  the  lower  zone  are  poked 
and  cleaned.  The  fire  above  the  grates  of  the  lower  zone  is  poked 
through  the  doors  Q-Q,  as  shown  in  Figs.  2  and  3.  The  ashes  re- 
sulting from  the  complete  combustion  of  the  fuel  in  this  zone  fall 
through  the  grate  bars  into  the  chambers  0-0,  and  are  removed 
through  the  doors  J-J. 

The  pr/Dducts  of  combustion  in  the  upper  zone  are  drawn  off 
through  the  chamber  B,  through  the  pipe  C,  and  vertical  pipe  V, 
shown  in  Fig.  3,  to  chamber  K,  Fig.  1;  when  they  pass  finally 
through  the  fuel  of  the  lower  zone  to  the  two  gas  off-takes  H-H, 
Fig.  1. 

S,  on  Fig.  3,  at  the  top  of  vertical  pipe  V,  is  a  damper  which  is 
oi)ened  to  allow  the  gases  resulting  from  the  combustion  of  the 
peat  to  pass  into  the  atmosphere  —  when  the  producer  is  standing 
idle.  The  damper  T  —  also  shown  in  Fig.  4  —  is  closed  while  the 
producer  is  standing  idle;  but  it  is  opened  and  the  damper  S  closed 
when  the  producer  is  in  operation.  These  two  dampers  are  pro- 
vided with  cover  plates,  which  can  be  readily  removed  when  it 
is  necessary  to  remove  from  the  damper  chambers  any  material 
which  has  collected  therein.  The  vertical  gas  pipe  V,  is  cooled 
by  means  of  cold  water  continually  circulating  in  the  jacket  U. 
The  cooling  water  enters  at  the  bottom  of  this  jacket,  and  over- 
flows at  the  top  to  a  water  seal  W,  which  covers  the  open 
bottom  of  the  vertical  pipe  V. 

The  ashes  which  fall  through  the  grate  bars  M  into  the  gas  cham- 
ber K  —  shown  in  section  in  Fig.  1  —  are  removed  through 
door  R  shown  in  Figs.  2  and  3. 

The  off-takoK  H-H,  shown  in  Fig.  1  arc  provided  with  ca])s  held 
firmly  in  ])hice  by  c!anii)s,  wliich  may  be  removed  for  the  purpose 
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Figure  4.    Kouting  Improved  Wet  Coke  Scrudbek 


170        Original  Communications:  Eighth  International  [vol. 


of  inspecting  the  interior  of  the  producer,  at  this  point,  or,  for  the 
purpose  of  removing  any  dust  or  tarry  matter  which  may  collect 
in  the  gas  chamber. 

For  the  purpose  of  regulating  the  amount  of  air  entering  the 
producer  at  the  top  and  bottom  zones,  two  adjustable  air-openings 
—  not  shown  in  the  figures  —  are  provided  on  each  of  the  doors 
E-E  and  J-J. 

PRINCIPLE  OF  OPERATION 

When  the  producer  is  in  the  proper  condition  for  operation, 
that  portion  between  the  lower  grate  bars  M  and  the  grates  F-F 
(Fig.  1)  of  the  upper  zone,  is  completely  filled  with  peat  coke,  i.e., 
peat  free  from  moisture  and  volatile  matter.  That  portion  of  the 
producer  between  the  upper  grate  level  and  tops  of  hoppers  A- A, 
is  filled  with  peat  fuel.  The  function  of  the  upper  zone  consists 
in  driving  the  moisture  and  volatile  matter  from  the  peat  which 
supphes  the  lower  zone.  To  prevent,  as  far  as  possible,  the  prod- 
ucts of  combustion  of  the  upper  zone  from  being  drawn  by  the 
suction  of  the  gas  engine  straight  down  through  the  producer 
and  out  through  the  off-takes  H-H,  instead  of  being  drawn  out 
through  C  and  then  having  to  pass  up  through  the  incandescent 
fuel  in  the  lower  zone  before  reaching  H,  the  construction  of  the 
fire  brick  lining  is  made  as  shown  in  Fig.  1,  a  contracted  neck  G 
being  made  just  below  the  upper  zone. 

With  this  construction  it  was  supposed  that  the  resistance  to 
the  passage  of  the  gas  through  the  neck  filled  with  peat  coke  would 
be  great  enough  to  prevent  the  gas  from  being  drawn  down  through 
the  coke  to  the  off-takes  —  instead  of  through  the  chamber  B 
and  pipes  C  and  V,  Figs.  1  and  3,  and  chamber  K,  and  then  up 
through  the  incandescent  carbon  to  the  two  gas  off-takes  H-H. 
This  construction,  however,  did  not  prove  entirely  satisfactory, 
since  a  portion  of  the  gases  evolved  in  the  upper  zone  passed 
directly  down  through  the  contracted  neck  to  the  off-takes,  and 
consequently  left  the  producer  with  the  original  moisture  and 
tarry  matter  driven  off  in  the  upper  zone. 

To  overcome  this  difficulty  the  construction  of  the  producer 
was  changed  —  this  alteration  will  be  described  later. 

The  combustion  taking  place  at  the  upper  zone  should  be  just 
sufficient  to  supply  the  heat  necessary  to  evaporate  the  moisture 
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and  drive  off  the  volatile  matter  contained  in  the  peat.  The  gas- 
eous products,  viz.,  water  vapor,  tarry  vapors,  carbon  monoxide, 
carbon  dioxide,  and  a  small  percentage  of  gaseous  hydrocarbons, 
in  the  form  of  stable  gases,  resulting  from  the  combustion  taking 
place  in  the  upper  zone,  are  drawn  off,  as  explained  previously, 
through  the  chamber  B  (Fig.  1),  and  down  through  the  water- 
cooled  pipe  V  (Fig.  3),  to  the  gas  chamber  K,  situated  under  the 
fires  of  the  lower  zone.  Some  of  the  tarry  vapors,  and  probably 
some  moisture  are  condensed  on  the  water-cooled  surface  of  pipe 
V  and  drop  to  the  bottom  of  the  water  seal  W  (Fig.  3) :  from  which 
the  tar  can  be  readily  removed.  That  portion  of  the  moisture 
and  tarry  vapors  which  escapes  condensation  in  passing  down 
through  the  water-cooled  pipe  V,  is  drawn  up  through  the  incan- 
descent peat-coke  of  the  lower  zone,  and  through  the  gas  off-takes. 

A  part  of  the  moisture  is  decomposed  by  reaction  with  the  hot 
carbon,  forming  free  hydrogen  carbon  monoxide  and  carbon  diox- 
ide. Part  of  the  carbon  dioxide  is  reduced  to  carbon  monoxide, 
and  some  of  the  tarry  vapors  are  decomposed  —  forming  perma- 
nent combustible  gases. 

The  following  analysis  shows  the  composition  of  a  sample  taken 
from  the  gases  evolved  in  the  upper  zone : 


CO2  15.3  per  cent  by  volume 

CO   7.2  per  cent  by  volume 

O2   3.2  per  cent  by  volume 

C2H4   0.7  per  cent  by  volume 


The  residue  being  chiefly  nitrogen,  the  gases  wauld  also  contain 
water  and  hydrocarbon  vapors,  which  would  condense  in  the 
sample  bottle  before  analysis. 

The  successful  operation  of  this  producer  depends,  as  previously 
stated,  on  the  quality  of  the  fuel  fed  to  the  lower  zone  and  the 
passage  of  the  gases  evolved  at  the  upper  zone  through  the  bed 
of  incandescent  peat  coke  of  the  lower  zone  before  leaving  the  pro- 
ducer. Partially  coked  peat  on  the  one  hand,  and  the  passage 
of  the  upper  zone  gases  down  through  the  fuel  to  the  off -takes, 
on  the  other  hand,  or  both  of  these  together,  will  result  in  a  final 
gas  heavily  charged  with  tarry  matter;  since  any  volatile  matter 
contained  in  the  fuel  fed  to  the  lower  zone  cannot  possibly  be 


Fig.  6,. — Newly  devised  tar  separator. 
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destrojTd  or  cracked,  inasmuch  as  this  volatile  matter  will  be  dis- 
tilled by  the  heat  of  the  lower  zone  and  pass  off  without  reacting 
with  the  hot  carbon,  or  burning.  The  same  condition  prevails 
\A'ith  regard  to  the  passage  of  the  gases  and  tarry  vapors  evolved 
at  the  upper  zone  down  through  the  contracted  neck  and  fuel  to 
the  off-takes;  since  these  gases,  moisture,  and  tarry  vapors  do  not 
come  into  contact  with  the  hot  carbon,  hence  leave  the  producer 
practicall}^  unchanged. 

With  the  producer  as  originally  constructed,  as  shown  in  section 
on  Fig.  1,  both  these  conditions  prevailed  to  a  certain  extent,  with 
the  result  that  the  cleaning  system  failed  to  separate  the  tar  from 
the  gas,  consequently  the  valves  and  piston  of  the  engine,  in  a 
short  time,  became  clogged  —  necessitating  cleaning. 

ALTERATIONS  TO  KORTING  PRODUCER 

After  considerable  experimentation  to  overcome  this  difficulty 
—  all  of  which  proved  futile,  I  made  certain  suggestions  to  the 
Canadian  representative  of  the  Korting  Brothers  regarding  modi- 
fications to  the  producer,  the  adoption  of  which,  in  my  opinion, 
would  greatly  improve  its  operation.  As  a  result  of  these  sugges- 
tions the  Korting  Brothers  experimented  with  several  tons  of  peat 
sent  from  the  Government  bog,  and  finally  altered  the  shape  of 
the  lining  and  made  other  changes  which  will  be  described  later. 
The  alterations  to  the  producer  are  shown  on  Plate  2. 

The  principal  change  in  the  design  is  the  lengthening  of  the 
contracted  neck,  which  ensures  greater  resistance  to  the  passage 
of  the  gases  down  through  the  fuel  bed.  The  grates  of  the  upper 
zone  were  made  with  greater  air  spaces,  while  those  of  the  lower 
zone  were  so  designed  that  the  gases  passing  through  the  hot  fuel 
of  this  zone  would  be  deflected  towards  the  off-takes. 

These  changes  tended  to  greatly  improve  the  operation  of  the 
producer;  but  the  gases  delivered  to  the  engine  still  contained  so 
much  tar  that  the  piston  and  cylinder  soon  became  covered  with  a 
deposit  of  tar,  which  had  to  be  removed. 

The  grates  of  the  lower  zone  —  after  the  producer  had  been  in 
operation  some  time  —  became  clogged  with  ashes  and  chnkers 
over  the  openings  admitting  the  upper  zone  gases,  and  this  upset 
the  operation,  forcing  the  gases  to  pass  directly  down  through  the 
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narrow  neck  and  fuel  to  the  gas  off-takes.  The  construction  of 
these  grates  covering  the  gas  chamber,  previously  mentioned, 
made  it  impossible  to  clear  this  portion  of  the  grates  while  the 
plant  was  in  operation  —  hence  such  grates  are  impracticable. 
The  grates  used  with  the  producer,  as  formerly  constructed,  were 
made  with  larger  and  more  simple  openings,  which  permitted 
ashes  to  fall  through  easily  into  the  gas  chamber,  thus  preventing 
clogging.  These  grates  were  substituted  for  the  newly  designed 
ones,  and  proved  more  efficient  in  every  respect. 

GAS-CLEANING  SYSTEM 

The  gas-cleaning  system  consists  of  a  wet  coke  scrubber,  tar 
filter,  and  dry  scrubber.  The  wet  coke  scrubber  with  the  improve- 
ments incorporated  at  the  time  the  producer  was  altered,  is  shown 
in  Fig.  4.  The  cleaning  system  is  shown  in  section  in  Fig.  5,  as  it 
was  originally  constructed,  with  the  exception  of  the  tar  filter, 
which  was  added  as  an  extra  precaution  against  tar  entering  the 
engine. 

On  Fig.  4  the  addition  to  the  original  scrubber  is  designated 
by  B,  and  consists  of  a  cylinder  about  five  feet  long,  rivetted  to 
the  top  of  the  old  scrubber,  which  is  designated  by  A.  The  cap 
P-P,  is  fastened  to  the  top  of  this  cylinder  by  clamps.  Inside  this 
cylinder  there  is  placed  another  cylinder  of  smaller  diameter  (K-K) 
which  fits  firmly  between  the  cover-plate  P-P  and  the  diaphragm 
0-0.  This  cylinder  is  perforated  with  small  holes  for  about  two- 
thirds  of  its  height.  The  lower  end  rests  on  a  perforated  plate  J. 
The  gas  is  cooled  by  the  water  spray  L  which  also  washes  off  matter 
sticking  to  the  inside  of  the  cylinder. 

The  lower  portion  of  the  scrubber  A  is  filled  with  coke  as  shown 
at  C. 

TAR  FILTER 

This  filter  is  composed  of  a  number  of  staggered  baffle  plates 
around  which  the  gases  pass  before  passing  finally  through  four 
perforated  metal  plates.  The  baffle  and  perforated  plates  are 
washed  by  sprays  of  hot  water.  The  hot  water  for  sprajdng  is 
obtained  from  the  return  cooling  water  of  the  gas  engine. 

DRY  SCRUBBER 

From  the  tar  filter  the  gas  passes  through  a  dry  scrubber  which 
consists  of  a  closed  cylinder  fflled  with  wood  fibre. 
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THE    GAS-CLEANING    SYSTEM     OF     THE     PLANT     PRESENTED  THE 
FOLLOWING  DISADVANTAGES 

(1)  The  gas-cleaning  system,  while  removing  a  considerable 
amount  of  matter  from  the  gas,  failed  to  remove  the  tar  which 
caused  the  trouble  at  the  engine.  The  gas  carried  past  the  entire 
system  a  considerable  quantity  of  a  liquid  tar  in  the  form  of  vapor, 
which  condensed  on  the  valves,  cylinder  and  piston  rings  of  the 
engine,  causing  them  to  stick. 

(2)  A  considerable  amount  of  light  tarry  matter  of  a  yellow 
color  was  deposited  in  the  off-takes  M,  Fig.  4,  which  after  a  few 
hours  of  running  filled  the  orifice  of  this  off-take  to  such  an  extent 
that  the  suction  was  very  greatly  increased. 

(3)  Some  of  the  tarry  matter  adhering  to  the  outside  of  the 
inside  cylinder  K-K,  was  washed  off,  and  dropped  to  the  bottom 
of  this  portion  of  the  scrubber,  between  the  enclosing  and  enclosed 
cylinders.  When  the  gas  was  very  dirty  this  accumulation  was 
considerable,  and  had  to  be  removed  after  a  few  days'  operation. 

(4)  The  baffle-plates  of  the  tar  filter  became  in  a  short  time  so 
choked  with  matter  passing  the  wet  scrubber,  that  the  engine 
operated  with  difficulty  on  account  of  the  high  suction. 

(5)  While  the  increase  in  suction  on  the  gas  main  due  to  these 
causes  did  not  often  necessitate  the  shutting  down  of  the  engine 
when  the  engine  was  once  started  —  the  greatest  difficulty  was 
experienced  in  starting  on  a  cold  system. 

Under  the  circumstances  above  enumerated,  the  -plant  could 
hardly  be  called  practical  or  commercial  in  any  sense,  since  the 
amount  of  time  and  labor  involved  in  cleaning  the  different  parts 
of  the  system  was  excessive.  To  overcome  these  difficulties  and, 
if  possible,  render  the  plant  entirely  commercial  and  practical 
in  every  respect,  considerable  time  was  devoted  to  investigation 
of  the  nature  of  the  tarry  products  carried  by  the  gas  leaving  the 
producer,  and  experimentation  with  different  devices  for  removing 
them.  As  a  result  of  this  work,  the  writer  devised  a  modification 
to  the  wet  coke  scrubber  and  tar  filter  which  proved  successful  in 
removing  the  deleterious  matter  from  the  gas  —  and  this  economy 
was  achieved  without  increasing  the  suction  on  the  engine. 
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MODIFICATION  TO   WET  COKE  SCRUBBER  AND   TAR  FILTER 

The  modification  devised  by  the  writer  to  the  wet  coke  scrubber 
is  shown  in  Fig.  6  —  and  consists  of  a  fine  mesh  screen  cone  which 
takes  the  place  of  the  perforated  cylinder  previously  described. 
The  cold  water  spray  L,  now  washes  off  the  matter  deposited  on 
the  outside  of  the  cone  to  the  bottom,  whence  it  leaves  by  the  over- 
flow provided  for  this  purpose.  Inside  the  cone  is  placed  an  addi- 
tional spray  provided  with  hot  and  cold  water  connections.  In 
practice  it  has  not  been  found  necessary  to  use  the  hot  water  on 
this  spray  —  it  was  provided  for  the  purpose  of  reducing  excessive 
suctions  which  might  arise  through  the  clogging  of  the  fine  meshes 
of  the  screen. 

The  tar  filter  was  altered  by  removing  the  baffle  plates  and  four 
perforated  plates,  and  introducing  in  their  place,  four  screens 
varying  from  coarse  mesh  at  the  gas  inlet  end  to  very  fine  mesh 
at  the  gas  outlet  end.  These  screens  were  so  constructed  that  they 
could  be  easily  taken  out  by  removing  the  cover-plate  of  the  filter. 
A  spray,  provided  with  both  hot  and  cold  water  connections,  is 
placed  over  each  of  these  screens.  This  method  of  cleaning  the 
screens  has  proved  to  be  very  efficient  and  the  hot  water  connec- 
tion can  be  dispensed  with,  while  running. 

ADVANTAGES  OF  IMPROVED  CLEANING  SYSTEM 

The  improved  cleaning  system  possesses  the  following  advan- 
tages : 

(1)  The  wet  coke  scrubber  completely  clears  itself  of  any  mat- 
ter, thus  reducing  the  suction  at  this  point  to  a  minimum,  and 
retaining  it  throughout  a  run  of  a  period  of  considerable  duration. 

(2)  The  larger  portion  of  the  heavier  tarry  matter  is  separated 
from  the  gas  in  this  scrubber. 

(3)  The  tar  filter  separates  out  the  more  liquid  or  lighter  tars, 
and  does  not  clog.  The  suction  at  this  point  is  very  low,  and  does 
not  vary  to  any  extent  throughout  a  run  of  almost  any  duration. 

(4)  By  means  of  these  modifications  the  total  suction  on  the 
gas  main  leading  to  the  engine  has  been  reduced  from  6  or  7  inches, 
and  more  to  about  3  inches,  with  the  resulting  greater  efficiency 
in  cleaning  the  gas. 

As  the  plant  is  at  present  constructed  and  operated,  very  little 
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tarry  matter  is  carried  past  the  producer,  hence  but  comparatively 
little  material,  possessing  high  heating  value,  is  lost  in  the  cleaning 
system. 

The  engine  can  be  operated  at  any  load  up  to  maximum  for  a 
long  period,  either  continuously  or  intermittently,  without  the 
necessity  of  cleaning  valves  or  piston.  Previously,  it  was  found 
necessary  to  wash  the  piston  several  times  a  day  with  a  mixture 
of  oil-soap  and  water;  and  although  this  method  of  cleaning  the 
cylinder  and  piston  of  tarry  matter  proved  reliable  and  efficient,  the 
operation  was  always  more  or  less  dirty.  The  tar  distilled  from 
peat  at  the  temperatures  prevailing  in  the  producer  is  soluble 
in  a  mixture  of  oil-soap  and  water;  and  since  no  harm  results  from 
emploj^ing  this  method  of  cleaning  while  the  engine  is  in  operation, 
the  plant,  strictly  speaking,  was  commercial,  even  under  these 
adverse  conditions. 

RESULTS  OF  TESTS 

The  following  summary  of  the  results  of  a  20  and  10-hour  test 
at  a  load  of  about  53  B.  H.  P.  made  with  the  60  B.  H.  P.  Korting 
producer-gas  power  plant  at  the  Fuel  Testing  Station,  Ottawa, 
and  the  Chart  No.  1,  which  shows  the  results  of  the  20-hour  test 
graphically  are  self-explanatory  and  require  but  few  comments. 


TRIALS    WITH    ALFRED   PEAT,  AIR   OPENING   FOR   FULL  LOAD  ON 


1.  No.  of  trial, 

2.  Date  of  trial, 


GAUGE 

20 
Sept.  19 


3.  Time  of  starting, 

4.  Time  of  stopping, 

5.  Duration, 

6.  Total  peat  charged  during 

trial, 

7.  Total  ash  and  clinker  drawn 

during  trial, 

8.  Total  peat  used  for  banking 

and  starting, 

9.  Total  peat  used  during  trial 

and  for  banking  and  start- 
ing, 


11.30  a.m. 
9.30  P.M. 
10 

1250 

60 


Sept.  20 
and  21 
10.10  a.m. 
6.10  a.m. 
20 

2450 

116 

431 


2881 


1911 

hrs. 
lbs. 
lbs. 
lbs. 

lbs. 
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Particulars  of  Peat  Used 


10.  Moisture  %  in  peat  as  charged, 

31.4 

30.2 

Proximate  Analysis  of  Dried  Peat 

as  Charged 

11.  Fixed  carbon, 

29.5 

30.0 

% 

12.  Volatile  matter, 

64.8 

64.6 

% 

13.  Ash, 

5.7 

5.4 

% 

14.  Calorific  value  of  dry  peat, 

9470 

9450 

% 

14.  Calorific  value  of  dry  peat, 

9470 

9450 

B.T.U. 

15.  Calorific  value  of  peat  as 

charged. 

6500 

6600 

per  lb. 

16.  Combustible  matter  in  refuse, 

53.4 

29.7 

% 

17.  Barometer  reading, 

29.85 

29.88 

inches 

18.  Wet  bulb  (in  producer  room), 

59.2 

F 

19.  Dry  bulb, 

67.1 

F 

20.  Humidity, 

64.8 

% 

21 .  Average  suction  at  producer. 

.6 

.5 

in.  of 

22.  Average  suction  after  coke 

water 

scrubber, 

4.3 

2.6 

23.  Average   suction   after  tar 

in,  of 

filter. 

4.7 

4.7 

water 

24.  Average  suction  alter  dry 

in.  of 

scrubber. 

5.7 

5.4 

water 

25.  Temperature  of  gas  leavmg 

producer  in  No.  1  exit 

469 

475 

F. 

Engine  and  Generator 

26.  Average  revolutions  per  min- 

ute of  engine 

190 

190 

27.  Temperature  of  outlet  cooling 

water. 

111 

115 

F. 

28.  Average  kilowatts  delivered 

to  switchboard. 

35.3 

35.2 

29.  Average  electrical  horsepower. 

47.3 

47.2 

30.  Efficiency  of  dynamo. 

.88 

.88 

31.  Average  brake  horsepower  of 

engine. 

53.8 

53.7 
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Gas  Analysis  Per  Cent  by  Volume 


10  samples 

20  sample 

s 

Sample  taken  after  passing 

tar  filter. 

32.  Carbon  dioxide, 

10.8 

9.9 

% 

33.  Ethylene, 

.5 

.4 

% 

34.  Oxygen, 

.5 

.3 

% 

35.  Carbon  monoxide, 

17.7 

20.2 

% 

36.  Methane, 

2.4 

2.4 

% 

37.  Hydrogen, 

10.2 

10.3 

% 

38.  Nitrogen, 

57.9 

56.5 

% 

39.  Inflammable  gas, 

30.8 

66.6 

% 

40.  Calorific  value  from  analysis 

(Gross), 

122 

128 

41.  Calorific  value  from  analysis 

B.T.U. 

(Net), 

113 

120 

per 

42.  Average  net  calorific  value 

cu.  ft. 

from  recording  gas  calo- 

rimeter, 

123 

127  . 

Results  of  Tests 

43.  Total  peat  charged  during 

trial, 

1250 

2450 

lbs. 

44.  Total  dry  peat  charged  dur- 

ing trial. 

858 

1710 

lbs. 

45.  Total  ash  and  clinker  drawn 

during  trial, 

60 

116 

lbs. 

46.  Ash  and  clinker  drawn  per 

cent  of  peat  charged, 

4.8 

4.7 

47.  Ash  and  clinker  drawn  per 

cent  of  dry  peat  charged, 

6.8 

^o.  rvverage  KiiowaLus  cieiivereQ 

to  switchboard. 

35.3 

35.2 

49.  Average  brake  horsepower  of 

engine, 

53.8 

53.7 

Hourly  Quantities 

50.  Lbs.  of  peat  charged 

125 

122 

51.  Lbs.  of  dry  peat  charged, 

86 

86 
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Economic  Results 


52.  Peat  charged  per  K.  W.  hour, 

3.54 

3.47 

lbs. 

53.  Dry  peat  charged  per  K.  W. 

hour. 

9  44 

IDS. 

54.  Peat  charged  per  B.  H.  P. 

hour, 

2.32 

2.27 

lbs. 

55.  Dry  peat  charged  per  B.  H.  P. 

hour. 

1.6 

1.6 

lbs. 

56.  Overall  thermal  efficiency  of 

engine  and  producer, 

16.8 

16.9 

% 

Results  Deduced  from  Fuel  and 

Gas  Analyses 

57.  Air  suppHed  to  producer  per 

lb.  of  dried  peat  charged. 

39.2 

37.6 

cu.  ft. 

58.  Water  supplied  to  producer 

per  lb.  of  dried  peat  charged. 

.47 

.46 

lbs. 

59.  Cubic  ft.  of  gas  produced  per 

lb.  of  dried  peat  charged. 

53.4 

52.6 

60.  Heat  equivalent  of  gas  pro- 

duced per  lb.  of  dried  peat 

charged. 

6040 

6310 

B.T.U. 

61.  Producer  efficiency, 

63.8 

66.8 

% 

62.  Cubic  ft.  of  gas  delivered  to 

engine  per  hour. 

4590 

4520 

63.  Cubic  ft.  of  gas  delivered  per 

B.  H.  P.  per  hour, 

85 

84 

64.  Heat  equivalent  of  gas  de- 

livered per  B.H.P.  per  hour. 

9660 

10100 

B.T.U. 

65.  Thermal  efficiency  of  engine 

(B.H.P.  basis). 

26.3 

25.2 

% 

The  gas-cleaning  system  used  during  these  tests  was  not  yet 
perfected  and  although  the  gas  delivered  to  the  engine  was  suffi- 
ciently clean,  the  fluctuations  in  suction  at  the  wet  coke  scrubber 
were  quite  noticeable.  The  tar  filter,  moreover,  had  not  yet  been 
altered  and  some  considerable  fluctuation  was  observed  due  to 
clogging  of  this  portion  of  the  cleaning  system. 


x] 


Congress  of  Applied  Chemistry 


183 


Since  altering  both  the  wet  coke  scrubber  and  tar  filter  a  notice- 
able reduction  in  the  total  suction  has  been  observed.  This  suc- 
tion does  not  vary  more  than  a  few  centimeters  during  a  10-hour 
run  and  no  trouble  is  experienced  when  starting  up  on  a  cold  sys- 
tem. Since  the  tests  above  quoted  were  made,  the  screen  cone 
in  the  wet  coke  scrubber  has  been  replaced  by  one  of  coarser  mesh 
which  in  conjunction  with  the  screens  in  the  tar  filter  has  proved 
entirely  eflicient  and  satisfactory  both  as  regards  the  resistance 
set  up  in  the  system  due  to  these  screens  and  the  cleanliness  of 
the  gas. 

The  total  suction  on  the  engine  main  varies  but  little  from  three 
inches  and  often  falls  below  this  amount. 

Quality  of  the  Gas:  The  chemical  composition  and  calorific  value 
of  the  gas  is  only  slightly  altered  as  a  result  of  cleaning  the  fires. 
When  one  side  is  poked  at  a  time  this  variation  is  reduced  to  a 
minimum  which  is  not  of  sufficient  amount  to  necessitate  resetting 
of  the  air  and  gas  valves  of  the  engine. 

Operation  of  the  Producer:  The  operation  of  the  producer  as  it 
is  now  designed  and  with  the  grates  of  larger  openings  over  the 
gas  chamber  K.  Fig.  1,  substituted  for  those  of  newer  design,  is 
very  uniform.  The  feeding  of  the  fuel  from  the  upper  zone  pro- 
ceeds regularly  and  evenly  and  the  peat  fed  to  the  lower  zone 
appears  to  be  thoroughly  coked.  The  producer  can  be  operated 
for  several  hours  without  poking  or  cleaning  the  fires  and  since 
this  operation  as  well  as  that  of  removing  the  ashes  can  be  per- 
formed while  the  plant  is  in  operation,  the  producer  is  capable, 
in  every  respect,  of  continuous  operation. 

Cleaning  of  the  Producer  Gas  Mains,  etc.:  The  gas  pipe  leading 
the  gases  evolved  at  the  upper  zone  to  the  lower  zone  should  be 
cleaned  once  a  week  —  owing  to  the  accumulation  of  tar  in  the 
damper  chambers  while  the  producer  is  standing  idle.  The  ac- 
cumulation, mostly  pitch,  in  the  two  gas  off-takes  is  of  small 
amount  during  a  week's  run  —  but  to  insure  the  proper  operation 
of  the  producer  these  pipes  should  be  cleaned  about  once  a  month. 

Reliability:  The  peat  producer-gas  power  plant  as  now  con- 
structed may  be  pronounced  as  thoroughly  reliable.  Its  opera- 
tion may  be  carried  on  continuously  for  a  week  or  more  without 
having  to  shut  down  foi-  the  ])urposo  of  cleaning  the  valves  of  the 
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engine.  The  engine  has  been  operated  for  a  period  of  150  hours 
without  removing  either  the  admission  or  mixing  valves  for  clean- 
ing, and  it  should  not  be  found  necessary  to  remove  the  piston,  in 
commercial  practice,  more  than  once  in  six  months  for  purposes 
of  cleaning. 

Attendance:  A  peat  producer-gas  power  plant  of  the  capacity 
installed  in  the  Fuel  Testing  Station  can  safely  be  left  in  the  hands 
of  an  intelligent  laborer  after  he  has  received  instructions  in  the 
handling  of  the  plant  for  a  week  or  so,  from  a  competent  engineer. 
The  services  of  only  one  man  is  required  to  run  such  a  plant  when 
it  is  operated  on  day  shift  work  only. 

Fuel  Consumption:  The  consumption  of  fuel  per  Brake  Horse- 
power hour,  including  stand-by  losses,  is  for  full  load  1.7  lbs.  of 
dry  peat,  or  2.3  lbs.  of  peat  containing  25%  moisture;  for  3/4  load 
the  fuel  consumption  including  stand-by  losses  is  2.1  lbs.  of  dry 
peat,  or  2.8  lbs.  of  peat  containing  25%  moisture.  The  fuel  con- 
sumed while  the  producer  stands  idle  has  been  determined  for  a 
period  extending  over  several  months.  The  average  consump- 
tion has  been  found  to  be  between  2  and  3  lbs.  per  hour  when  the 
producer  stands  over  night,  i.e.,  for  14  hours;  and  between  1  and  2 
lbs.  per  hour  for  longer  periods,  e.g.,  three  days  or  more. 

Cooling  Water:  The  amount  of  water  used  for  cooling  and  clean- 
ing the  gas  is  normal. 

COST  OF  FUEL 

In  estimating  fuel  costs,  the  assumption  is  made  that  peat  with 
a  moisture  content  of  25%  can  be  delivered  to  the  producer  for 
$2.00  per  ton.  In  order,  however,  to  take  advantage  of  this,  or  a 
lower  cost  for  fuel,  the  power  plant  must  be  situated  at  or  near  the 
bog  where  the  peat  fuel  is  manufactured.  For  small  plants  of  the 
type  and  capacity  described,  this  might  not  prove  feasible  in  many 
cases  —  but  will  prove  entirely  feasible  and  practicable  when  the 
plants  erected  are  of  large  capacity,  and  when  the  energy  generated 
is  transmitted  in  the  form  of  electricity  to  neighboring  towns  and 
villages,  for  lighting,  power,  and  other  purposes. 

Since  the  fuel  burned  in  the  producer  does  not  require  to  be  of 
the  best  quality,  the  fuel  cost  may  be  considerably  reduced ;  since 
the  broken  peat  bricks,  and  considerable  fines,  which  always  occur 
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in  the  manufacture  of  peat,  and  which  otherwise  would  represent 
a  loss,  can  be  efficiently  utiUzed  in  the  producer.  Assuming, 
however,  that  peat  can  be  delivered  to  the  plant  for  $2.00  per  ton, 
and  that  the  plant  is  running  with  a  power  factor  of  75%  for 
3000  hours,  the  fuel  costs  would  be  $8.40  per  B.H.P.  year,  includ- 
ng  stand-by  losses. 


ERRORS   IN   THE   DETERMINATION   OF  MOISTURE 

IN  COAL 

By  W.  F.  Hillebrand  and  W.  L.  Badger 
Bureau  of  Standards,  Washington,  D.  C. 

The  senior  author  was  asked  by  the  President  of  a  sub-com- 
mittee^ of  the  International  Committee  on  Analyses  to  co-operate 
in  the  determination  of  moisture  in  six  samples  of  coal. 

A  large  number  of  determinations  of  moisture  were  made  on 
these  samples,  but  the  work  was  finished  too  late  to  be  incor- 
porated in  the  committee's  report.  A  comparison  of  the  results 
obtained  by  different  methods  showed  the  influence  of  the  various 
factors  which  tend  to  affect  the  results.  The  magnitude  of  these 
effects  is  not  generally  recognized,  in  spite  of  the  considerable 
amount  of  work  that  has  been  done  in  recent  years.  It  seems 
therefore  worth  while  to  present  here  a  typical  series  of  the  results 
obtained  and  to  discuss  briefly  the  subject  of  moisture  determina- 
tions in  coals,  a  subject  which  has  interested  one  of  us  for  many 
years  and  has  been  extensively  studied  by  those  connected  with 
the  fuel  testing  work  of  the  United  States  Government  at  and 
subsequent  to  the  Louisiana  Purchase  Exposition  at  St.  Louis,  in 
1904,  and  to  a  less  extent  by  others. 

Methods  for  determining  moisture,  in  general,  belong  to  the 

>0n  the  Standardization  of  Methods  of  Determining  Water  in  Coal  and 
other  Fuels  and  in  Minerals. 

As  described  in  the  letter  of  the  President  of  the  sub-committee,  Mr. 
George  T.  Holloway,  these  coals  are: 

No.  1.  Anthracite  from  South  Wales. 

No.  2.  From  the  "10-yard"  or  "thick  coal"  seam  of  South  Staffordshire, 
which  in  many  respects  resembles  a  lignite. 

No.  3.  From  the  Kilbiu-n  seam  in  Leicestershire  (England).  A  coking 
coal  largely  used  for  general  and  household  purposes. 

No.  4.  From  South  America,  interesting  in  connection  with  moisture  deter- 
mination on  account  of  its  high  sulphur  content  (4.2%  volatile  and  8.2%  non- 
volatile). No  pyrites  is  visible  or  can  be  wa.-^hed  out,  but  the  coal  rapidly 
weathers  and  develops  free  sulphuric  acid  and  ferrous  sulphate. 

No.  5.  An  ordinary  bituminous  coal  from  Leice>tershire. 

No.  6.  A  somewhat  less  bituminous  coal  from  the  southeast  of  Scotland. 
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class  of  indirect  methods,  which  in  the  absence  of  a  simple  reagent 
for  water  are  most  convenient  and  expeditious;  but  when  applied 
to  so  complex  and  easily  oxidized  a  substance  as  coal,  a  number 
of  reactions  occur  which  greatly  modify  the  results.  In  general 
these  reactions  are: 

(a)  The  sensitiveness  of  coal  to  atmospheric  conditions,  espe- 
cially when  finely  powdered. 

(6)  The  giving  off  of  volatile  substances  other  than  water. 

(c)^,The  absorption  of  oxygen,  which  may  take  the  form  of: 

1.  Oxygen  added  directly  to  the  coal  substance. 

2.  Oxygen  combined  with  carbon  and  split  off  as  CO2. 

3.  Oxygen  combined  with  hydrogen  and  split  off  as  H2O. 
All  of  these  reactions  have  been  recognized  by  many  investi- 
gators, and  though  they  may  not  appear  with  equal  prominence 
in  all  coals,  undoubtedly  most  or  all  of  them  take  place  simul- 
taneously in  all  cases,  with  one  or  another  predominating. 

It  is  now  customary  in  this  country  to  prepare  coal  samples 
in  two  stages:  first,  coarse  crushing  followed  by  air  drying,  and 
second,  fine  grinding  of  the  air-dried  sample.  It  is  generally 
recognized  that  the  distinction  between  the  "air-dryuig  loss"  and 
the  moisture  as  determined  on  the  air-dried  sample  is  not  a  definite 
one.  Fineness,  area  of  surface  exposed,  temperature,  and  espe- 
cially the  humidity  of  the  air,  all  affect  the  amount  of  loss  at  this 
stage.  It  is  perhaps  not  so  generally  recognized  that,  if  the  test 
is  prolonged  or  if  carried  out  on  finely  ground  coal,  considerable 
oxidation  may  take  place.  This  was  noted  in  a  number  of  experi- 
ments made  in  the  laboratory  of  the  U.  S.  Geological  Survey  at 
St.  Louis.^  Our  experiments  on  the  British  and  South  American 
Coals  bear  out  this  point.  These  had  been  air-dried  in  England, 
but  proved  to  contain  more  moisture  than  was  in  equilibrium  with 
the  air  of  the  laboratory  in  Washington,  as  shown  by  the  following 
air-drying  tests.  The  first  series  was  made  in  glass  weighing 
bottles,  4x6  cm.,  containing  about  25  grams  coal  (half  full); 
the  other  on  samples  of  9-10  grams'  weight  spread  out  on  9-cm. 
watch  glasses.  They  were  weighed  at  intervals  until  they  were 
practically  in  equilibrium  with  the  air  of  the  laboratory,  with  the 
following  results: 

iBuU.  U.  S.  Geol.  Survey,  No.  232,  pp.  13-16. 
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Coal  No. 

Loss  in  bottles 

Loss  on  watch  glasses 


I       II       III      IV       V  VI 
1.52    5.17    4.18    1.60    3.50  4.82 
2.38    7.78    5.55    2.94    5.52  6.69 


These  results  illustrate  in  a  striking  manner  the  influence  of 
the  atmospheric  humidity.  The  air-drying  was  done  in  Washing- 
ton in  winter,  when  the  humidity  was  low,  ranging  approximately 
from  15  to  25  per  cent.  When  the  results  are  compared  with  the 
eight-day  tests  over  sulphuric  acid  (p.  7),  it  is  seen  that  the  losses 
represent  in  a  number  of  cases  over  50  per  cent  of  the  moisture 
that  was  present  when  the  coals  were  bottled  in  England,  even 
in  the  series  where  least  oxidation  had  taken  place  during  air- 
drying  (the  first  of  the  above  and  II  of  p.  7). 

In  the  moisture  determinations  made  on  these  two  sets  of  air- 
dry  samples,  the  second  set  gave  higher  results  than  the  first  in 
every  instance;  but  the  difference  was  only  a  few  tenths  of  one 
per  cent  instead  of  the  one  or  two  per  cent  differences  shown  in  the 
air-dr^dng  losses.  This  would  seem  to  indicate  that  the  second  set, 
with  its  greater  surface  exposed,  took  up  more  oxygen  than  the 
first  set,  giving  it  off  to  a  certain  extent  as  H2O  and  CO2. 

A  series  of  moisture  determinations  was  also  made  on  the  coals 
without  air-drying  (see  III  of  p.  7).  This  set  of  results  was  with 
some  coals  still  higher  than  on  either  of  the  previous  sets;  indicat- 
ing that  there  was  some  gain  in  weight  of  the  coals  due  to  oxida- 
tion in  both  of  those.  In  other  words,  every  exposure  of  finely 
ground  coal  to  the  air  is  not  only  accompanied  (a)  by  a  loss  of 
water,  if  humidity  conditions  are  such  that  the  moisture  in  the  coal 
is  not  in  equilibrium  with  the  moisture  in  the  air,  but  also  (b) 
by  an  absorption  of  oxygen,  which  may  take  the  form  of  a  gain  or 
loss  in  weight,  according  to  whether  fixing  of  oxygen  by  the  un- 
saturated coal  substance  or  loss  of  hydrogen  and  carbon  as  water 
and  carbon  dioxide  is  a  predominating  reaction. 

The  second  factor  —  loss  of  volatile  matter  other  than  water  — 
depends  largely  on  the  fineness  of  the  coal  and  the  length  of  time 
that  has  elapsed  since  it  was  mined.  Even  coarsely  crushed  coals 
give  off  large  amounts  of  methane  and  traces  of  other  volatile 
substances,  but  this  loss  takes  place,  in  great  part,  immediately 
after  the  coal  has  been  mined.    It  would  seem  that  the  loss  in 
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weight  so  caused,  during  the  ordinary  process  of  air-drying  pre- 
vious to  analysis,  would  be  comparatively  slight;  both  because 
most  coals  are  sampled  sufficiently  long  after  mining  to  allow  such 
losses  to  bake  place  before  the  sample  was  taken,  and  also  because 
the  air-drying  is  generally  carried  out  on  a  sample  that  has  been 
already  partially  crushed.  That  there  is  a  loss  of  gases  on  grind- 
ing the  air-dried  sample  is  a  point  that  is  yet  to  be  determined. 
In  the  same  way,  though  freshly  mined  coals  absorb  oxygen  with 
avidity  even  when  coarse,  after  the  time  which  generally  elapses 
between  mining  and  sampling  it  would  seem  probable  that  the 
velocity  of  this  reaction  would  have  fallen  off  to  the  point  where 
the  coarse  sample  would  absorb  comparatively  small  amounts 
of  oxygen  during  air-drying.  Prolonged  exposure  to  the  air,  or 
exposure  of  a  finely  ground  sample,  is,  however,  by  no  means  free 
from  liability  to  serious  error. 

The  methods  used  for  the  analysis  of  this  final  air-dried  sample 
may  be  divided  into  vacuum  methods  and  oven  methods.  In 
our  work  we  used: 

1.  Drjdng  in  a  vacuum  over  sulphuric  acid  for  1,  2  and  8  days. 

2.  Drying  for  one  hour  in  an  oven  at  105-110°. 

3.  Drjang  for  two  hours  in  an  oven  at  105-110°. 

4.  Drying  for  one  hour  at  105-110°  in  a  current  of  dry  air. 

The  six  coals  were  of  very  different  types,  but  the  effect  of  condi- 
tions was  the  same  within  very  narrow  limits  on  all  of  them,  no 
matter  what  the  method  of  previous  preparation  had  been,  and 
the  results  are  in  entire  agreement  with  the  senior  author's  past 
experience.  In  the  vacuum  method  two  of  the  factors  —  equilib- 
rium with  the  surrounding  air,  and  oxidation  —  are  removed,  and 
the  only  disturbing  condition  is  the  loss  of  volatile  matter  other 
than  water.  Owing  to  the  fact  that  no  darkening  of  the  sulphuric 
acid  takes  place  it  is  probable  that  little  of  the  higher  hydrocarbons 
is  given  off;  and  the  fact  that  a  vacuum  may  be  maintained  with- 
out change  indicates  that  little  methane  is  evolved.  The  possi- 
bility of  volatile  material  being  evolved  during  evacuation  of  the 
desiccator  is  not  precluded.  This  method  gave  the  highest  figures, 
which  are  probably  nearest  the  truth,  though  a  slow  loss  of  mois- 
ture continued  with  some  coals  up  to  the  eighth  day  and  might 
have  continued  longer.  Exposure  for  24  hours  was  in  no  case 
sufficient. 


1 


Congress  of  Applied  Chemistry 


191 


In  drying  in  the  oven  all  three  disturbing  factors  come  into  play. 
The  air  in  the  oven  becomes  saturated  with  moisture,  so  that  an 
equilibrium  is  reached  before  the  coal  is  perfectly  dry,  and  this 
point  varies  from  day  to  day  with  the  varying  humidity.  An 
opportunity  for  oxidation  is  presented,  and  though  part  of  this 
oxidation  certainly  goes  to  form  volatile  products  (CO2  and  H2O) 
the  amount  of  oxygen  absorbed  as  such  is  sufficient  to  cause  a  net 
gain  in  weight  of  the  dry  coal  substance.  This  is  shown  by  the 
fact  that  in  all  cases  the  figure  obtained  by  this  method  was  the 
lowest  of  all.  The  error  caused  by  oxidation  is  sufficient  to  mask 
any  effects  due  to  volatilization  of  fight  hydrocarbons,  though 
such  a  distillation  certainly  occurs.  On  prolonging  the  heating 
for  two  hours,  fittle  change  takes  place;  a  net  gain  of  loss  of  a  few 
hundredths  of  a  per  cent  was  noticed,  in  one  direction  with  some 
coals  and  opposite  T\dth  others. 

The  modification  of  this  method  by  the  introduction  of  a  stream 
of  dry  air  gives  much  more  consistent  figures  and  much  higher 
ones,  approaching  very  nearly  the  results  obtained  in  the  vacuum. 
This  is  obviously  due  to  the  fact  that  the  water  is  removed  as  fast 
as  fiberated,  thus  preventing  the  coal  from  attaining  an  equifib- 
rium  with  the  air  of  the  oven  before  all  its  moisture  has  been  re- 
moved. The  greater  uniformity  so  obtained  is  best  shown  by  a 
few  figures.  A  sub-bituminous  coal  gave,  as  the  average  of  7 
determinations  without  dry  air,  9.46%,  with  a  maximum  varia- 
tion of  0.83%.  With  a  current  of  dry  air,  the  average  of  8  deter- 
minations was  9.93%,  with  a  maximum  variation  of  0.23%. 
Similar  results  were  obtained  on  all  types  of  coal.^ 

In  all,  about  300  individual  determinations  were  made  on  the 
six  coals,  and  the  results  were  remarkably  uniform  in  their  indica- 
tion of  the  effects  of  the  various  disturbing  factors  outhned  above. 
It  \v\\\  be  of  interest  to  compare  the  figures  for  these  coals  to  illus- 
trate the  range  of  values  possible.  Series  II  was  air-dried  in 
glass  weighing  bottles,  Series  III  on  watch  glasses  (as  discussed  on 

'Archibald  and  LawTcnce's  tests  (J.  Ind.  Eng.  Chcm.,  4,  258,  1912)  support 
with  quantitative  data,  the  well-established  fact  that  the  usual  official  method 
fails  to  Kive,  as  a  rule,  anything  like  the  true  moisture  content  of  coals;  but 
their  recommendation  to  substitute  for  it  drying  in  a  current  of  dry  air  and 
direct  weighing  of  the  water  is  open  to  criticism  as  an  exact  method,  for  the 
reason  that  marked  oxidation  of  the  coal  takes  place  and  water  is  undoubtedly 
produced  a.s  a  result. 
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p.  3),  and  Series  IV  was  taken  direct  from  the  containers  in  which 
the  coal  was  sent  us.  This  last  series  represents  far  more  nearly 
the  moisture  condition  of  samples  as  received.^ 

RESULTS  OF  MOISTURE  DETERMINATION  ON  FIVE  BRITISH  AND 
ONE  SOUTH  AMERICAN  COAL 

Air-  Oven  without  Oven 

Coal     Series       drying       Vacuum  over  H2SO4  dry  air      dry  air 

loss      1  day    2  days    8  days      1  hr.    2  hrs.     1  hr. 

II         1.52    2.33      2.36      2.38      2.30    2.34  2.41 

I       III         2.38    2.88      2.89      2.90  3.08 

IV  2.50      2.40    2.47  2.40 

II         5.17    9.43      9.69      9.90      9.38    9.47  9.78 

II  III         7.78    9.98    10.16    10.33  10.45 

IV  10.14      9.54    9.68  9.93 

II         4.18    6.97      7.31      7.38      6.96    7.02  7.32 

III  III         5.55    7.45      7.62      7.76  7.51 

IV  7.28      6.44    6.77  6.93 

II         1.60    4.77      5.10      5.56      5.24    5.54  5.72 

IV  III         2.94    5.26      5.50      6.07  5.62 

IV  5.86      5.17    5.49  5.88 

II         3.50    7.09      7.31      7.46      7.04    7.17  7.38 
V       III         5.52    7.52      7.68      7.80  7.56 

IV  7.30     6.48    6.56  6.80 

II         4.82    7.30     7.48     7.58     7.18    7.21  7.43 
VI       III         6.29    7.82     7.94     7.99  7.62 

IV  7.46     6.69    6.75  6.89 

'Since  this  paper  was  written  a  copy  of  the  report  of  the  sub-committee 
referred  to  has  been  received  from  Mr.  Holloway.  Our  attention  is  attracted 
by  the  disagreement  of  our  own  results  for  Coal  No.  1,  Series  III  excepted 
(by  all  of  our  methods),  with  those  of  the  other  analysts,  all  of  whom  found 
much  more  moisture  in  this  coal.  Our  sample,  when  it  reached  us,  had  most 
certainly  a  much  lower  moisture  content  than  the  others.    The  data  of  Series 

III  as  to  the  vacuum  and  1-hour  tests  seem  to  contradict  this  statement,  but, 
as  said  above,  the  samples  of  this  series  had  undoubtedly  suffered  much  oxida- 
tion during  their  exposure  for  air-drying. 
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In  view  of  the  wide  discrepancies  between  the  different  indirect 
methods,  a  direct  one  is  very  desirable.  Work  has  been  done  by 
us  on  such  a  method,  but  as  yet  no  definite  conclusions  have  been 
reached.  In  the  first  attempts  the  coal  was  heated  in  a  U-tube 
in  a  current  of  dry  hydrogen  and  the  moisture  was  absorbed  in  sul- 
phuric acid.  A  number  of  results  were  obtained,  but  later  in- 
vestigation showed  the  presence  of  some  errors  which  render  their 
value  questionable.  It  may  be  said  in  general,  however,  that  the 
figures  so  obtained  were  higher  than  by  any  of  the  other  methods. 
In  every  case  the  loss  in  weight  of  the  coal  was  slightly  less  than  the 
gain  in  weight  of  the  acid.  This  may  be  ascribed  to  the  presence 
of  oxygen  in  the  hydrogen,  or  to  absorption  of  hydrogen  by  the 
coal  substance,  or  to  a  splitting  off  of  hydroxyl  from  the  coal  to 
form  water  with  the  hydrogen.  Later,  work  was  begun  on  an 
apparatus  for  heating  the  sample  in  a  stream  of  pure  nitrogen, 
which  is  still  under  way.  Considerable  difficulty  has  been  ex- 
perienced in  obtaining  perfectly  satisfactory  blanks,  but  it  is 
hoped  that  when  perfected  the  method  will  permit  of  a  direct 
and  absolute  determination  of  water.  In  some  preliminary  expe- 
riments the  coal,  even  in  nitrogen,  showed  less  loss  in  weight  than 
corresponded  to  the  amount  of  water  obtained,  as  was  earlier  ob- 
served by  Porter  and  Ovitz.^  No  explanation  is  offered  at  pres- 
ent for  this  behavior. 

Other  direct  methods  which  might  prove  of  value  are  some 
modification  of  the  carbide  method,  or  of  the  magnesium-methyl- 
iodide  method,  or  heating  in  a  high  vacuum,  with  direct  weighing 
of  the  water.  All  these  methods  have  been  considered  at  the  Bureau 
of  Standards  and  it  is  hoped  that  opportunity  will  be  found 
to  make  an  exhaustive  comparative  study  of  them,  with  the  object 
of  finding  some  direct  primary  method  which,  even  if  too  involved 
for  general  use,  may  yet  serve  as  a  standard  of  reference. 

Our  work  thus  far  has  been  directed  toward  fixing  a  method  for 
the  exact  determination  of  moisture  in  the  laboratory  sample. 
The  securing  of  a  laboratory  sample  that  shall,  in  connection  with 

<J.  Am.  Chrm.  Soc,  SO,  148G  (1908).  This  observation  is  also  in  agree- 
ment with  that  of  Archibald  and  Lawrence  (J.  Irid.  Eng.  Chcm.,  4,  258,  1912) 
on  a  bituminous  coal  at  110'^  and  120'^;  but  not  at  75^  and  100°,  nor  at  any 
one  of  the  four  temperatures  on  an  anthracite,  in  all  of  which  cases  the  loss  in 
weight  of  coal  exceeded  the  weight  of  the  moisture  weighed. 
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the  preliminary  air-drying  of  the  coarsely  crushed  sample,  give 
the  true  water  content  of  the  coal,  is  another  problem,  one  on  which 
the  authors  and  others  are  engaged  in  connection  with  the  work 
of  the  Coal  Committee  of  the  American  Chemical  Society. 
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A  NEW  COKING  TEST  FOR  FUELS  j 

By  R.  Lessing,  Ph.D.,  F.C.S.  ! 

London,  England  \ 

I 

At  the  Seventh  International  Congress  of  AppHed  Chemistry  ] 

held  in  London  in  1909  a  paper  was  read  by  Prof.  E.  J.  Constam  ! 

on  the  estimation  of  volatile  matter  in  fuels  in  which  he  gave  a  j 

resume  of  his  experiences  with  various  methods  of  carrying  out  j 

the  coking  test.    He  came  to  the  conclusion  that  the  method  of  j 

the  American  Committee  on  coal  analysis  {Jour.  Amer.  Chem.  \ 

Soc,  21,  1122)  gave  better  and  more  consistent  results  than  the  ] 

other  methods  under  review  and  the  proposal  to  accept  this  < 

method  as  the  standard  for  the  yield  of  coke  was  carried  and  ) 

adopted  as  a  resolution  of  the  Congress.  ,1 

The  principal  advantage  of  this  method  over  others  formerly  | 

in  use  is  that  it  carries  the  heating  far  enough  to  allow  the  em-  \ 

ployment  of  temperatures  high  enough  to  ensure  the  complete  j 
carbonization  of,  and  expulsion  of  volatile  matter  from,  coal  and 
other  fuels. 

There  are,  however,  a  number  of  drawbacks  which  still  attach 

to  this  method  and  although  they  are  known  and  recognised  by  ; 
workers  in  this  field,  their  elimination  has  not,  in  spite  of  occasional 

attempts,  hitherto  been  brought  about.  ! 

The  sources  of  error  in  the  crucible  test  may  be  classed  in  two  I 

groups :  ! 

1.  Factors  tending  to  increase  the  'Volatile"  value  and  de-  | 
crease  the  coke  value,  (a)  Burning  of  coke  in  the  more  or  less  j 
oxidising  atmosphere.  (6)  ' 'Spitting"  of  coal-dust  due  to  explosive  j 
character  of  gasification  of  some  coals  or  rush  of  currents  pro- 
duced by  the  flame. 

2.  Factors  tending  to  decrease  the  "volatile"  and  increase 
the  coke  value,  (a)  Insufficient  coking  of  the  coal.  (5)  Secondary 
catalytic  decomposition  of  the  volatile  products  on  the  walls 

of  the  crucible,  (c)  Decomposition  of  volatile  products  by  radia-  i 
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tion  in  the  waste  space  of  the  crucible,  (d)  Deposition  of  carbon 
during  coking  by  too  rapid  primary  decomposition  of  volatile 
coal  substance. 

It  has  been  repeatedly  pointed  out  by  various  workers  that 
results  are  dependent  upon  the  size,  shape,  thickness  and  bright- 
ness of  walls  of  the  crucible  as  well  as  the  atmosphere  prevailing 
in  it,  and  various  modifications  have  been  proposed  to  eliminate 
one  or  the  other  of  these  irritating  factors.  It  can  be  said,  however, 
that  standardization  of  the  method  has  not  been  reached. 

I  venture  to  submit  a  new  method  which,  if  not  perfect  in  all 
its  details,  should  go  far  in  the  standardization  of  the  coking  test 
of  fuels.  The  technique  of  the  method  has  been  described  in  a 
paper  recently  read  before  the  London  Section  of  the  Society 
of  Chemical  Industry  {Jour.  Soc.  Chem.  Ind.  1912,  3,  465)  and  the 
following  particulars  may  be  briefly  recalled: 

In  order  to  do  away  with  the  drawbacks  due  to  the  waste  space 
above  the  coal  and  the  excessive  amount  of  heated  surface  and 
contact  with  the  gas  and  vapours  in  the  crucible  test,  the  finely 
ground  sample  is  heated  in  as  compact  a  space  as  possible  and 
out  of  contact  with  the  air.  For  this  purpose  I  used  a  cylindrical 
flat-bottomed  tube  made  of  quartz  glass  or  platinum  provided 
with  a  small  flange  on  top  by  means  of  which  it  can  be  suspended. 
I  have  found  an  inner  diameter  of  about  10  mm.  to  be  a  conven- 
ient size.  One  gram  of  powdered  coal  is  weighed  into  this  tube 
and  a  piston  made  of  quartz  glass  tube  or  rod  and  loosely  fitting 
into  the  outer  tube  is  placed  on  top  of  the  coal  sample.  By  this 
means  there  is  no  waste  space  left  above  the  coal  and  the  gases 
and  vapours  evolved  upon  heating  are  expelled  at  the  greatest 
possible  speed,  and  have  no  chance  of  becoming  stagnant  and 
subject  to  the  influence  of  radiant  or  contact  heat  for  any  length 
of  time.  I  have  found  it  convenient  to  effect  the  heating  by  plac- 
ing the  test  tube  into  a  wider  tube  made  of  quartz  glass  round 
which  an  electric  resistance  coil  of  platinum  wire  is  wound.  This 
arrangement  enables  me  to  apply  the  heat  at  any  point  desired 
and  prevent  the  superheating  of  the  products  of  carbonization. 
For  details  as  to  wiring  I  must  refer  to  the  paper  quoted  above. 

The  great  advantages  of  this  method  he  not  only  in  the  fact 
that  it  gives  an  opportunity  to  standardize  very  exactly  the  shape 
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and  size  of  the  reacting  vessel  and  to  do  away  with  the  waste 
space  above  the  charge,  but  it  also  permits  an  insight  into  the  cok- 
ing process  which  could  not  be  obtained  with  previous  methods 
for  the  shape  and  aspect  of  the  coke  obtained  is  distinctive  for 
every  kind  of  coal. 

Figure  1  shows  the  difference  between  the  coke  obtained  in  my 
new  (top)  and  the  old  crucible  method  (bottom).  That  the  dif- 
ferences between  the  cokes  obtained  from  various  coals  are  very 
marked  will  be  seen  still  more  clearly  from  Figure  2  in  which 
photographs  of  the  coke  specimens  obtained  from  twenty  dif- 
ferent coal  samples  are  shown.  One  gram  of  the  same  fineness 
of  each  coal  was  employed  and  the  proximate  composition  did 
not  show  very  wide  differences.  It  may  be  stated  that  even  coal 
No.  20,  which  flatly  refused  to  be  coked,  was  not  an  anthracite 
but  a  bituminous  coal  containing  about  32  per  cent  of  volatile 
matter. 

Figure  3  shows  sections  obtained  from  the  coke  specimens, 
and  it  is  clear  that  the  inner  structure  of  the  cokes  will  allow 
a  still  closer  study  of  the  nature  of  the  coal  samples  and  their 
behaviour  upon  carbonization. 

From  Figure  4  it  will  be  seen  that  the  results  obtained  by  the 
method  are  not  dependent  upon  chance,  in  which  photos  of  three 
specimens  each  of  the  same  sample  are  reproduced.  It  may  be 
noticed  that  even  in  minute  details  of  outer  appearance  speci- 
mens derived  from  the  same  coals  are  absolutely  alike. 

Figure  5  is  still  more  striking  in  this  respect  as  showing  two 
sets  of  the  samples  of  Figure  4  together  with  the  corresponding 
sections. 

The  method  can  therefore  practically  be  employed  as  one  of 
identification  of  individual  coals. 

In  a  paper  read  before  the  Institution  of  Gas  Engineers  (see 
Journal  of  Gas  Lighting  1912,  118,  885)  I  have  sho^vn  that  the 
method  can  be  carried  further  by  closing  the  ''retort"  tube  and 
collecting  the  volatile  products.  I  have  been  able  to  ascertain 
that  the  yields  of  gas  of  certain  coals  correspond  very  closely 
with  the  yields  known  to  have  been  obtained  from  the  same 
coals  on  the  large  scale. 

I  venture  to  suggest  that  this  mc^thod  should  be  carefully  and 
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exhaustively  tested  by  the  workers  in  the  province  of  fuel  analysis 
and  in  view  of  the  useful  results  obtained  by  the  practical  co- 
operation of  members  of  the  Sub-Committee  for  the  determina- 
tion of  moisture  in  fuels  and  minerals  of  the  International  Com- 
mittee on  Analyses  whose  exhaustive  report  I  have  the  honour 
to  present  to  this  Congress,  I  beg  to  propose  that  a  similar  com- 
mittee be  nominated  for  the  comparative  testing  of  methods  for 
the  estimation  of  volatile  matter  in  fuels  in  order  to  bring  about 
standardization  and  uniformity  of  testing. 

I  am  aware  that  conditions  for  estimating  volatile  matter  are 
still  more  complex  than  those  attending  the  moisture  deter- 
mination but  the  results  obtained  in  this  case  are  encouraging 
enough  to  let  us  expect  fruitful  results,  and  I  trust  that  my 
method  will  do  something  to  further  the  efforts  in  this  direction. 


SUR  LA  COMBUSTION  DES  GAZ  PAR  INCANDES- 
CENCE OU  COMBUSTION  CONVERGENTE  ET 
SUR  QUELQUES  UNS  DE  SES  EFFETS 

Par  M.  Jean  Meunier 
Paris,  France 

La  combustion  par  incandescence  des  gaz  se  distingue  de  leur 
combustion  par  flamme  ou  par  explosion;  elle  n^cessite  pourtant 
aussi  I'emploi  des  melanges  explosifs  de  gaz  combustible  et  d'air. 
Le  melange  qui  alimente  le  bee  Auer  est  forme  d'air  contenant 
18  a  20%  de  gaz  d'eclairage,  proportion  du  maximum  d'explosi- 
vit6;  si  le  gaz  depasse  cette  proportion,  le  manchon  perd  de  son 
6clat  et  il  n'eclaire  presque  plus. 

Le  simple  examen  de  ces  faits  montre  a  Tevidence  que  le  me- 
lange combustible  gazeux  vient  converger  sur  le  corps  solide  incan- 
descent et  brtale  en  le  frappant  vivement.  L'eclat  est  d'autant 
plus  intense  que  I'energie  du  choc  est  plus  grande  et  le  filament 
frappe  plus  fin;  car  ce  filament  est  le  foyer  de  la  convergence, 
et,  de  meme  que  pour  les  lentilles,  plus  le  foyer  est  restreint  plus 
le  ph^nomene  est  brillant. 

II  doit  r^sulter  de  la  les  deux  effets  m^caniques  mol^culaires 
suivants: 

1°  La  desagregation  subie  a  la  longue  par  le  corps  solide  port^ 
a  I'incandescence.  Un  manchon  Auer  ne  pent  durer  qu'un  cer- 
tain nombre  d'heures;  sa  desagregation  est  manifeste. 

2°  Le  choc  doit  produire  le  depart  d'une  partie  du  corps  solide, 
c'est-^-dire  sa  sublimation. 

Le  platinc,  aussi  bien  le  metal  fondu  que  le  mdtal  agglom^r^, 
qu'il  soit  pur  ou  allie  au  cuivrf^,  possede  la  propri(^t6  d'entretenir 
l:i  combustion  convergcntc  et  de  constituer  la  lampc  sans  flamme. 
11  suffit  de  le  chauffer  pr^alablenient  a  500  (l(>^;r('s  environ.  Pour 
\in  mdlange  de  gaz  et  d'air  il  teneur  (k'lcrniiiu'c,  rincandcsccnce 
est  d'autant  plus  vive  que  le  fil  de  i)latine  est  i)lus  fin.  Celui-ci 
ne  tarde  pas  k  se  (lesagreg(T  et  dcvcnir  gris,  cassant  et  cristalin. 
II  est  possible  qu'il  subisse  uiie  [XTte  i)ar  sublimation,  niais  je 
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n*ai  pas  encore  essay6  d'etablir  experimentalement  ce  fait.  En 
tout  cas,  le  sulfate  de  chaux,  depose  a  sa  surface  en  faible  quantite, 
exalte  en  quelque  sorte  la  propriete  du  platine  et  lui  permet  de 
se  maintenir  incandescent  dans  un  melange  a  45%  de  gaz  d'eclai- 
rage,  tandis  qu'autrement  il  devient  obscur  dans  un  melange  k 
35%;  mais  ce  sulfate  de  chaux  disparait  assez  rapi dement,  sans 
manifestation  apparente  et  sans  que  la  temperature  soit  tres 
^lev^e. 

Le  cuivre  pur  acquiert  une  propri^t^  semblable  a  celle  du  platine, 
apr^s  avoir  ete  desagreg^  et  rendu  cristallin  par  un  chauffage  pre- 
alable  assez  prolonge.  Apres  cela,  il  suffit  de  le  porter  au  rouge 
et  de  le  maintenir  dans  un  melange  a  teneur  convenable  de  gaz 
et  d'air,  pour  qu'il  demeure  incandescent.  La  temperature,  a 
laquelle  il  se  maintient  ainsi  spontanement,  est  bien  inferieure 
k  celle  de  sa  fusion;  cependant  ce  metal  se  sublime,  passe  dans 
la  flamme  qui  se  trouve  au-dessus  de  lui  et  se  depose  sur  les  objets 
qu'on  y  place.  Fait  singulier!  le  depot  metallique  ne  se  fait 
pas  indiff^remment  sur  la  surface  des  objets,  mais  en  des  points 
parti  cullers  correspondants  a  des  saillies;  alors  meme  que  celles-ci 
sont  microscopiques,  le  depot  metallique  ensuite  rigoureusement 
la  trace. 

Le  mecanisme  de  ce  depot  est,  a  n'en  pas  douter,  celui  des  de- 
pots m^talliques  effectues  sur  les  pieces  ceramiques  dites  flammees. 

A  mon  sens,  ce  phenomene  doit  avoir  une  portee  plus  gene- 
rale:  il  expliquerait  les  depots  et  les  effets  de  fusion  et  de  scori- 
fication  observes  sur  les  revetements  refractaires  des  fours  a 
haute  temperature,  de  meme  que  la  coloration  de  certains  mineraux 
d'origine  ign^e. 

II  semble  aussi  qu'il  expliquerait  simplement  certains  faits 
constates  dans  Fatmosphere  du  soleil,  mais  ce  sujet  demande 
de  nouvelles  etudes. 


NEW  RESEARCHES  ON  THE  LUBRICATING  OILS 


By  Prof.  A.  M.  Nastukofp 
Moscow f  Russia,  Arbat,  Nikolsky,  10,  28 

At  the  last  Congress  of  Applied  Chemistry  in  London^  in  1909 
I  had  the  honour  to  communicate  my  essays  on  the  condensation 
of  the  naphtha  distillates  with  formalin  in  presence  of  less  sulphuric 
acid  than  is  necessary  for  obtaining  ordinary  solid  and  insoluble 
formolit.  I  have  prepared  in  this  manner  from  the  fraction  of 
petroleum,  boiling  at  200-250°  C.  and  giving  12,8  as  formolitic 
index,  a  fraction  of  condensed  liquid  hydrocarbons  boiling  at 
186-188°  C.  at  50  mm.  pressure  and  giving  105  as  formolitic  index. 
The  later  investigation^  of  this  fraction  has  shown  that  there 
was  the  hydrocarbon  C15H28;  its  specific  gravity  has  been  found 
d^^'V2i.5  =  0,8498  and  index  of  refraction  n23  =  1,4703;  jodine 
value  =  0. 

The  most  characteristic  feature  of  this  quite  new  kind  of  cyclic 
hydrocarbons  is  the  absence  of  the  double  bonds,  th.  i.  they  are 
saturated,  but  at  the  same  time  they  give  a  very  high  formolitic 
index.    The  explanation  I  have  done  was  following. 

/ 

In  the  reaction  take  part  the  unsaturated  groups  CH  of  the 

li 

CH 

\ 

cycUc  hydrocarbons  and  form  with  formalin  trimethylene  ring 
^CH— 

CHo    I        ;  the  last  get  decomposed  by  strong  sulphuric  acid  in 

presence  of  formalin  in  unsaturated  group    |  |  capable  of 

^CH 

giving  insoluble  formolit. 

I  have  prepared  afterwards  the  same  hydrocarbon  from  the 

fraction  of  petroleum  boiUng  at  150-200°  C. 

'A.  M.  Nastukoff.  The  Chemical  Composition  of  the  Lubricating  Oils. 
ProccedingH  of  the  Seventh  International  Congress  of  Apphed  Chemistry,  1909. 

-A.  M.  Nastukoff  and  K.  L.  Maljaroff.  "Trudy"  of  the  Imperial  Russian 
Technical  Society  in  Baku,  1911.  Journal  of  Ihc  Russian  Chemical  Society, 
1910,  p.  1596. 
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There  is  the  short  review  of  my  published  works  in  the  matter 
since  the  last  Congress  in  London.  Now  I  have  applied  the  same 
method  of  condensation  to  the  fraction  of  petroleum,  boiling  at 
250-300°  C,  in  purpose  to  prepare  new  hydrocarbons  of  the  series 
above  mentioned.  The  preliminary  essay  has  shown  that  the 
condensation  goes  as  well  as  before  on  the  other  fractions.  The 
formolitic  index  of  the  fraction  itself  was  18,65  and  such  of  the 
residual  left  after  distillation  till  325°  C.  —  46;  the  formolitic 
index  of  the  Uke  residual  becomed  after  condensation  was  already 
126. 

425  cc.  of  such  a  residuum  gave  me  by  distillation  in  vacuo 
at  220  mm.  pressure  till  339°  C.  the  lower  distillates  with  formoUtic 
index  4,  10,  and  22;  and  the  asphaltum  residue  in  the  distilUng 
flask  giving  123  as  formoUtic  index.  The  last  was  dissolved  in 
benzol,  the  solution  was  filtered  and  distilled  to  get  rid  of  the  sol- 
vent. When  the  benzol  ceased  to  come  over,  I  have  used  the 
distillation  of  the  residual  by  means  of  a  current  of  superheated 
steam  and  obtained  18  gr.  of  a  heavy  oil  of  following  properties: 
specific  gravity  d^^/iz  =  1,0113;  formolitic  index  130;  molecular 
weight  294;  jodine  value  20,  46;  refactive  index  n23=  1,5769; 
viscosity  —  such  of  the  cyUnder  oils. 

The  most  characteristic  feature  of  these  condensed  hydrocar- 
bons is  the  high  jodine  value,  by  which  they  differ  from  those  of 
the  above-mentioned  series. 

I  suppose  in  this  reaction  the  transition  of  the  before  mentioned 

reacting  groups  one  in  another  taking  place  from  beginning  itself 

\ 
C— CH3 

of  the  reaction.   The  group    |  |  get  therefore  in  the  group 

CH 
/ 

\c— CH3  "^C— CH3 

CH2  and  the  last  in 

y/CH   CH3 


Here  stops  the  condensation. 


L3 

To  sum  up,  the  fraction  of  petroleum  boiling  at  250-300°C. 
was  methylated  by  the  formalin  and  gave  in  little  amount  the  very 
true  cyUnder  lubricating  oil. 


INFLUENCE  DE  LA  GROSSEUR  DU  GRAIN  DANS 
L' ANALYSE  DES  CHARBONS 

Par  le  Capitaine  P.  Nicolardot 
Diredeur  du  Service  des  laboratories  de  Vartillerie 

A  Altofts  on  a  constate  que  les  parties  fines  du  charbon  broye 
n'ont  pas  la  meme  composition  que  les  parties  les  plus  grossieres. 
Les  particules  passees  au  tamis  N°  100,  et  refusees  au  tamis  N° 
150,  ont  une  humidite  inferieure  de  0,1%,  une  teneur  en  matieres 
volatiles  superieure  d'environ  3%,  et  une  teneur  en  cendres  in- 
f^rieure  d'environ  2%,  aux  valeurs  correspondantes  obtenues 
avec  la  partie  traversant  le  tamis  N°  240.  Cette  difference  n'est 
pas  un  simple  effet  de  la  finesse,  car  les  particules  grossieres  pul- 
verisees  a  leur  tour  ne  perdent,  par  cette  operation,  qu'une  faible 
partie  de  leur  teneur  en  matieres  volatiles  et  leur  teneur  en  cendres 
augmente  a  peine. 

Avec  le  charbon  de  Lievin,  Monsieur  Taffanel  a  constate  des 
differences  de  meme  genre  dans  les  teneurs  en  matieres  volatiles 
et  en  cendres,  mais  en  sens  oppose.  Ce  fait  tiendrait  a  ce  que 
les  impuretes  steriles  sont  plus  dures  que  le  charbon. 

Ces  observations  sembleraient  devoir  rendre  illusoires  toutes 
les  precautions  dont  on  s'entoure  pour  preparer  les  echantillons 
d'essai.  Suivant  que  les  operateurs  operent  sur  des  grains  de 
grosseur  differente,  ils  obtiennent,  en  se  plagant  par  ailleurs,  dans 
des  conditions  indentiques,  des  resultats  discordants.  Quelques 
essais  preliminaires  executes  sur  des  Echantillons  de  charbons 
pris  au  hasard  ne  m'ont  pas  paru  confirmer  pleinement  les  con- 
clusions des  laboratoires  d' Altofts  et  de  Lievin.  La  teneur 
en  matieres  volatiles  a  Ete  d^terminee  par  la  methode  de  Muck. 


Mailles 
225  .— 


Par  cmc 
400  .— 


870 


des  tamis 
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Anthracite 
Ilouille  N°  1 
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Les  resultats  obtenus  avec  les  parties  plus  fines,  quoique  peu 
diff  brents,  sont  cependant  systematiquement  inferieurs  aux 
autres.  J'ai  cherche  a  op^rer  sur  des  echdntillons  de  provenance 
certaine;  et  j'ai  separe  au  moyen  des  tamis  renfermant  par  cen- 
timetre carre  les  nombres  de  mailles  sui vants : 

16-25-56-100-225-650-992-1482-, 

les  divers  ^chantillons  en  neuf  portions  differentes.  La  portion 
N°  I  6tait  refus^e  par  le  tamis  k  16  mailles,  la  portion  N°  2  etait 
constituee  par  les  grains  traversant  le  tamis  a  16  mailles  mais 
refuses  par  le  tamis  k  25  et  ainsi  de  suite  jusqu'^  la  derniere  portion 
N°  9  constituee  par  toute  la  poussiere  et  les  grains  traversant  le 
tamis  a  1482  mailles. 

Pour  determiner  la  teneur  en  matieres  volatiles  des  diverses 
portions,  j'ai  op^re  dans  des  conditions  aussi  identiques  que 
possible  en  pesant  des  prises  ^gales  dans  des  creusets  de  porcelaine 
tares  et  munis  de  leur  couvercle.  La  methode  Muck  et  meme 
la  methode  de  PEcole  Superieure  des  Mines  de  Paris,  beaucoup 
plus  precise  encore,  ne  m'ont  nas  paru  presenter  assez  de  garanties 
de  precision.  Les  essais  ont  ete  executes  d'une  part  par  la  methode 
de  Phillips  (chauffage  pendant  deux  minutes  sur  un  bee  Bunsen, 
puis  sur  un  chalumeau,  tou jours  dans  les  memes  conditions, 
pression  du  gaz,  de  Fair),  et  d'autre  part  en  plagant  les  creusets 
dans  un  moufle  maintenu  tou  jours  k  la  meme  temperature.  Les 
creusets  etaient  places  par  trois  dans  le  centre  du  moufle  et  laiss^s 
le  meme  temps.  Pour  obtenir  une  plus  grande  regularite,  les 
essais  etaient  altern^s:  tantot  ils  etaient  places  dans  I'ordre 
naturel  1,2,3-4,5,6-7,8,9  ou  autrement.  Les  resultats  obtenus 
avec  une  anthracite  du  pays  de  Galles,  un  Cannel-Coal  de  New- 
Battle  (Ecosse),  des  houilles  de  Courrieres,  Commentry,  Decaze- 
ville  et  un  lignite  de  Gardanne  ont  ete  les  sui  vants : 
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Pour  m'assurer  que  les  variations  observees  n'etaient  pas  dties  au 
broyage,  comme  I'avait  deja  remarqu^  le  Laboratoire  d'Altofts, 
j'ai  porphyrise  la  partie  N°  5  le  rechantillon  de  Cannel-Coal,  qui 
presentait  les  plus  grands  ecarts  efc  dosait  dans  des  conditions  aussi 
identiques  que  possible  Teau,  les  cendres  et  les  matieres  volatiles. 

Fraction  5  non  porphyrisee  —  Fraction  5  porphyris^e 
Eau  1,55        1,63  1,3  1,4 

Matieres  Volatiles    46,05       45,85  45,85  45,65 

Cendres  3,6         3,55  3,6  3,62 

Des  essais  sur  d'autres  fractions  du  meme  Cannel  Coal  ou  de 
la  houille  de  Decazeville  m'ont  fourni  des  resultats  analogues. 
L'action  de  broyage  ne  modifie  pas  sensiblement  la  composition  des 
charbons  et  les  variations  dans  leur  teneur  en  cendres  ou  en 
matieres  volatiles,  suivant  que  le  grain  est  plus  ou  moins  gros, 
tiennent  a  la  nature  meme  des  differentes  parties  constitutives 
des  charbons. 

D'autres  proprietes  varient  naturellement :  le  pouvoir  calorifique 
s'abaisse  dans  les  fractions  les  plus  fines.  La  densite  elle-meme 
varie,  quoique  legerement. 

Fractions  N°       123       4  56789 
Cannel  Coal  D  1,23  1,23  1,24  1,24  1,27  1,29  1,3  1,36  1,37 

Je  me  propose  de  poursuivre  ces  recherches  qui  tendraient  a 
montrer  que  la  grosseur  des  grains  doit  etre  comprise  entre  cer- 
taines  limites  pour  rendre  comparables  les  resultats  obtenus  par 
divers  operateurs. 


THE  CONTINUOUS  PURIFICATION  OF  COAL  GAS  WITH 
WEAK  AMMONIA  LIQUOR 

By  J.  G.  O'Neill 
Geneva,  N.  Y. 

In  the  manufacture  of  coal  gas,  the  crude  gas  from  the  retorts 
is  pulled  by  an  exhauster  through  a  condenser  to  free  it  from  tar  and 
considerable  ammoniacial  liquor,  and  is  then  forced  by  the  ex- 
hauster into  another  condenser  to  rid  it  of  excess  heat,  then  through 
scrubbers  which  wash  out  the  ammonia,  and  finally  through  the 
purifying  boxes  where  it  is  purified  from  hydrogen  sulphide  and 
cyanogen,  on  into  the  holder.  In  washing  the  ammonia  from  the 
gas  two  scrubbers  are  used,  the  first  scrubber,  taking  the  gas,  washes 
it  with  gas  liquor,  which  absorbs  a  small  amount  of  ammonia  and 
hydrogen  sulphide  from  the  gas;  the  second  scrubber  washes  the 
gas  with  fresh  water  which  completely  absorbs  the  ammonia  from 
the  gas. 

The  present  practice  of  purifying  coal  gas  from  hydrogen  sul- 
phide and  cyanogen  consists  of  passing  the  gas  through  a  mixture 
of  iron  oxide  and  shavings  in  air-tight  boxes,  whereby  the  hydrogen 
sulphide  and  cyanogen  in  the  gas  combine  with  iron  oxide  to  form 
iron  sulphide  and  ferrocyanides.  When  the  iron  oxide  no  longer 
takes  up  any  hydrogen  sulphide,  it  is  taken  from  the  boxes  and 
exposed  to  the  air,  whence  by  oxidation  and  throwing  off  of  free 
sulphur,  it  again  becomes  active  or  ''revivified."  This  operation 
is  repeated  four  or  five  times  until  the  percentage  of  free  sulphur 
in  the  purifying  material  increases  to  about  30%,  when  the  iron 
oxide  will  no  longer  revivify.  In  earlier  times  the  oxide  would 
revivify  and  could  be  used  until  it  contained  60%  free  sulphur, 
but  with  the  modern  practice  of  making  gas  at  much  higher 
temperatures  the  cyanogen  in  the  gas  has  greatly  increased,  and 
a  large  percentage  of  the  iron  goes  to  form  inactive  ferrocyanides. 
By  introducing  about  2%  of  air  into  the  gas  before  the  purifiers, 
a  certain  amount  of  revivification  takes  place  in  the  boxes,  and 
reduces  the  number  of  times  necessary  to  expose  the  oxide  to  the 
air  to  again  make  it  active. 
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There  are  many  disadvantages  which  we  encounter  in  the  iron 
oxide  method  of  purification,  some  of  which  are  as  follows:  the 
process  is  non-elastic,  consequently,  the  normal  increase  of  gas 
consumption  from  year  to  year;  the  very  much  greater  consump- 
tion during  certain  periods  of  the  year;  the  difficulty  of  obtaining 
coal  low  in  sulphur,  —  all  these  conditions  are  forcing  us  to  rapidly 
increase  our  purifying  capacity  at  a  very  large  expense,  especially 
considering  the  facts  that  the  purifying  boxes  are  extremely  bulky 
and  that  many  coal  gas  plants  are  already  cramped  for  space. 
The  danger  of  a  gas  explosion  every  time  a  box  is  opened,  and  the 
close  attention  necessary  to  prevent  firing  of  the  oxide  when  ex- 
posed to  the  air  for  revivification.  The  cost  of  oxide  and  the 
labor  cost  in  filling  and  emptying  boxes,  also  the  accumulation 
of  spent  oxide  which  gradually  becomes  a  nuisance. 

All  these  disadvantages  of  oxide  purification  have  been  recog- 
nized in  the  past,  several  investigators  have  devised  other  puri- 
fication processes,  none  of  which  have  met  with  general  approval. 
Of  these  attempts,  two  are  of  interest  to  us,  the  first  by  F.  C. 
Hills  (British  Patent  No.  1369  of  1868  and  934  of  1874)  whereby 
he  heats  ammonia  liquor  in  a  special  apparatus  to  180°  F.  and  ob- 
tains a  liquor  having  caustic  properties.  He  washes  the  unpurified 
coal  gas  with  this  liquor  and  absorbs  the  hydrogen  sulphide  from 
it.  His  process  failed  because  of  the  loss  of  ammonia  in  preparing 
the  caustic  liquor  and  because  of  his  failure  to  determine  the  cor- 
rect temperature  of  the  liquor  and  gas  during  the  washing.  Had 
he  determined  this  correct  temperature,  he  would  have  found  that 
double  the  quantity  of  ammonia  from  a  ton  of  coal  would  absorb 
all  the  hydrogen  sulphide  in  the  gas  from  a  ton  of  coal,  instead  of 
6  to  7  times  the  ammonia  as  is  believed  to  the  present  time. 

The  other  process  by  C.  F.  Glaus  (U.  S.  Patent  No.  337,  246 
of  1886)  also  sought  to  use  the  caustic  properties  of  ammonia. 
He  prepared  pure  ammonia  gas  in  an  elaborate  apparatus  and  intro- 
duced the  pure  ammonia  gas  directly  into  the  unpurified  coal  gas, 
before  the  scrubbers.  This  process  was  fundamentally  wrong, 
it  complicated  gas  purification  and  increased  its  cost. 

Any  advance  in  the  art  of  gas  purification  must  have  for  its 
basis  simplicity  of  operation.  It  must  be  more  economical  of 
labor,  material  and  of  space  than  the  present  oxide  purification 
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practice,  and  to  be  generally  adopted  it  must  be  applicable  to  both 
the  large  and  small  coal  gas  plant.  Such  a  process  we  have  in 
operation  in  our  plant  for  the  past  six  months.  Previous  papers 
describing  my  process  will  be  found  in  the  Progressive  Age  of 
July,  1911  and  August  15,  1911.  In  this  article  I  wish  to  lay  be- 
fore you  the  manner  of  operation  and  the  results  obtained  in  the 
use  of  the  process  for  the  past  six  months. 

In  my  method  of  operation  I  absorb  the  hydrogen  sulphide, 
cyanogen  and  some  carbon  dioxide  from  the  unpurified  coal  gas 
by  means  of  a  weak  alkaline  ammonia  solution,  prepared  in  an 
ordinary  crude  ammonia  concentrator.  I  simply  increase  the 
quantity  of  weak  ammonia  liquor  feeding  into  the  ammonia  still 
and  draw  off  this  increase  of  liquor  near  the  outlet  of  the  first 
ring,  whose  contents  have  been  subjected  to  the  action  of  steam 
containing  a  high  percentage  of  ammonia  vapor.  We  do  not 
interfere  with  the  actual  amount  of  liquor  being  distilled  or  with 
the  operation  of  the  ammonia  still.  The  liquor  drawn  from  this 
ring  is  cooled  to  at  least  30  degrees  C.  and  is  pumped  into  the  first 
scrubber  taking  the  place  of  the  usual  gas  liquor  wash.  The  only 
additional  apparatus  needed  to  carry  out  this  process  is  a  cooling 
apparatus  which  consists  of  a  cooling  coil  with  water  spray  and  a 
small  tubular  cooler,  which  cools  the  liquor  coming  from  the  treat- 
ment ring  of  the  ammonia  still,  thus  cooling  it  for  use  in  the  first 
scrubber.  The  impurities  given  off  by  this  liquor  in  the  ammonia 
still  saturate  the  concentrated  ammonia  in  the  condenser  of  the 
ammonia  still,  while  the  excess  impurities  pass  off  into  the  air 
after  being  washed  of  all  traces  of  ammonia  in  the  catch-pot. 

The  effects  of  washing  the  crude  gas  with  this  liquor  are  shown 
by  the  following  data: 

Nov.ll  Nov.22  Dec.5    Dec.7   Dec.l4  Jan.2 

Gas  liquor  to  ammonia  stiU  GPL  NHa— 7.00  5.27  4.25  3.87  6.15  7.00 

GPL  H2S— 3.20  2.49  1.98  2  31  3.57  3.20 

Wash   liquor   from  am- 
monia stiU                   GPL  NH3— 7.48  6.93  5.50  4.79  5.98  8.48 
GPLHiS  —1.46  1.12  .68  .74  .80  1.46 

Wash   liquor   from  first 

scrubber                      GPL  NH3— 7.48  6.83  5.84  5.03  7.82  9.18 

GPLH2S  —6.12  6.00  3.80  4.43  6.13  8.17 

Grains  H2S  per  100  cu.  ft. 
in  crude  gas  before  scrub- 
bers                                          807.8  703.8  592.1  703.8  557.0  966.9 
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Nov. 11  Nov.22  Dec.6    Dec. 7  Dec.l4    Jan. 2 


Grains  H2S  per  100  cu.  ft. 
in  crude  gas  after  scrub- 
bers 


276.4    96.3    33.6    44.0    25.0  30.6 


No.  of  thousand  cu.  ft.  gas 
washed  per  hour 


45 


40 


35 


37 


45 


44 


Gallons  liquor  wash  used 
per  hour 


720     815     700  900 


600 


900 


Grains  HtS  eliminated  per 
gallon  liquor  wash  used 


314     298     279  270 


399  574 


All  of  the  cyanogen  in  the  crude  gas  is  eliminated  by  the  liquor 
wash. 

On  an  average,  I  found  the  liquor  wash  absorbed  from  0.3  to 
0.5%  of  carbon  dioxide  from  the  gas.  My  opinion  is  this  absorp- 
tion would  be  greatly  increased  with  a  liquor  wash  containing  a 
higher  percentage  of  ammonia  and  with  a  longer  time  of  contact. 

The  temperature  of  the  liquor  wash  to  the  first  scrubber  must 
not  be  higher  than  30  degrees  C.  neither  should  the  temperature  of 
the  gas  to  the  scrubber  be  higher  than  30  degrees  C.  The  best 
results  are  obtained  when  the  two  temperatures  are  held  at  about 
25°  C.  This  is  the  temperature  of  the  gas  to  the  scrubbers  that 
we  meet  with  in  ordinary  coal  gas  practice.  If  gas  liquor  is  sub- 
stituted for  the  liquor  wash  there  is  practically  no  increase  in 
hydrogen  sulphide  in  the  gas  liquor  or  decrease  of  hydrogen  sul- 
phide in  the  gas. 

Since  our  scrubbing  apparatus  was  limited  to  one  fresh-water 
scrubber  consisting  of  eight  bell-shaped  compartments,  I  divided 
the  scrubber  using  the  four  lower  compartments  for  the  liquor 
wash  and  the  four  top  ones  for  fresh  water.  The  results  would 
have  been  much  more  satisfactory  if  I  had  one  scrubber  for  the 
liquor  wash  and  one  for  the  fresh  water,  then  I  could  have  used 
much  stronger  liquor  and  would  have  obtained  much  higher 
elimination  of  impurities  per  gallon  of  liquor  wash  used,  without 
fear  of  losing  any  ammonia  from  insufficient  washing. 

Another  very  disagreeable  feature  of  our  operation  was  the 
uneven  make  of  gas,  the  amount  of  gas  washed  for  one  hour  differ- 
ing as  much  as  50%  from  another  hour  of  the  same  day,  with 
little  regulation  of  the  liquor  wash  to  meet  the  increase  or  decrease 
in  the  gas. 
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Considering  all  the  disadvantages  mentioned  above  still  no- 
where in  the  process  was  there  the  least  possibility  of  ammonia 
loss,  also  the  average  yield  of  ammonia  for  the  six  months  exceeded 
the  average  yield  for  the  six  months  previous  to  the  installation 
of  the  process.  No  difficulty  was  experienced  in  the  operation 
of  the  ammonia  still.  The  total  amount  of  steam  required  to 
operate  the  ammonia  still  was  not  appreciably  increased  because 
the  cooling  water  for  the  ammonia  vapors  was  practically  elimi- 
nated. 

During  the  month  previous  to  installing  the  process,  27%  of 
the  coal  used  for  gas  making  was  a  high  sulphur  coal.  The  purify- 
ing capacity  consisted  of  three  boxes,  holding  a  total  of  6000  bushels 
of  shavings  and  iron  oxide,  during  this  month  we  found  it  impos- 
sible to  change  the  oxide  in  the  boxes  rapidly  enough  to  purify 
the  gas  from  hydrogen  sulphide,  even  using  new  oxide  and  intro- 
ducing some  air  into  the  gas  before  the  purifiers. 

For  the  six  months  after  installing  the  liquor  purification  pro- 
cess, the  oxide  in  the  boxes  was  not  changed,  no  labor  was  ex- 
pended on  purification,  the  average  monthly  output  of  gas  for  the 
first  three  months  increased  12%  and  for  the  last  three  months 
decreased  20%  (partly  due  to  coal  shortage),  the  percentage  of 
high  sulphur  coal  used  was  increased  to  50%  of  the  total,  and  at 
the  end  of  this  period  we  found  all  boxes  clean.  A  very  small 
quantity  of  air  was  drawn  into  the  gas  before  the  exhausters, 
approximately  0.5%;  the  quantity  of  nitrogen  in  this  air  introduced 
into  the  gas,  was  more  than  offset  by  the  quantity  of  carbon  dioxide 
absorbed  from  the  gas  by  the  liquor  wash.  The  gas  issuing  from 
the  first  purifying  box  in  the  series  would  at  times  show  a  trace 
of  hydrogen  sulphide,  but  on  changing  the  flow  of  the  gas,  so  as 
to  remove  this  box  from  being  first  to  receive  the  gas,  it  would 
immediately  clean  up.  The  gas  has  gone  through  the  boxes  for  a 
month  at  a  time  without  the  gas  from  the  first  box  showing  a  trace 
of  hydrogen  sulphide  with  lead  acetate  paper. 

During  the  severe  winter  weather,  the  wash  liquor  in  the  pipe 
line  to  tlio  sciubber  became  frozen,  consequently  for  several  hours 
tlie  liquor  wash  was  discontinued.  The  three  boxes  went  foul 
even  though  a  short  time  before  they  were  all  perfectly  clean. 
When  the  wash  liquor  was  again  turned  on  the  three  boxes  grad- 
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iially  cleaned  up,  proving  that  by  using  this  liquor  wash  with  a 
very  small  quantity  of  air,  the  foul  boxes  could  again  be  made 
clean,  without  the  necessity  of  first  passing  the  gas  through  a 
clean  box. 

The  actual  saving  obtained  by  using  this  process  is  very  large, 
even  for  a  small  plant,  both  in  labor  cost  and  using  high  sulphur 
coal;  the  process  is  simpler  than  oxide  purification,  elastic,  inde- 
pendent of  one  grade  of  coal,  no  danger  of  fire  or  explosions,  does 
away  with  any  installation  of  new  purifying  boxes  and  saves 
valuable  space. 

The  gas  business  being  a  world-wide  industry,  consequently  any 
improvement  in  the  manufacture  of  gas  is  of  a  world-wide  interest. 
With  the  modern  development  of  uses  for  gas,  any  improvement 
in  its  manufacture  is  a  direct  aid  to  the  progress  of  the  world. 


CALCIUM  CARBONATE  AS  A  CONSTITUENT  OF 
COAL  ASHi 

By  S.  W.  Parr 
University  of  Illinois,  Urbana,  III. 

Calcium  carbonate  as  a  constituent  of  coal  is  recognized  with- 
out question  as  a  disturbing  element  in  the  determination  of  some 
of  the  most  important  data  pertaining  to  this  material.  In  the 
ultimate  method  of  analysis  it  augments  the  factor  for  total  carbon 
by  reason  of  the  CO2  disengaged  in  that  determination.  Similarly 
the  ash  value  as  weighed  is  too  low  and  the  oxygen  factor,  deter- 
mined as  it  is  by  difference,  is  too  high.  In  the  calculation  of 
heat  values,  therefore,  according  to  the  DuLong  formula  the 
values  are  in  error  both  on  account  of  the  total  carbon  factor 
and  also  because  of  the  value  indicated  for  available  hydrogen. 
These  errors  partly  neutralize  each  other,  it  is  true,  but  oppor- 
tunity would  still  remain  for  introducing  considerable  of  a  dis- 
crepancy into  the  calculation.  In  the  proximate  method  of  analy- 
sis also,  too  high  a  factor  would  be  indicated  for  the  volatile  matter 
resulting  from  the  decomposition  of  the  calcite.  It  would  thus 
appear  that  the  CO2  present  would  be  reckoned  by  the  engineer 
as  ''fuel"  when  calculating  his  efficiencies  to  the  ''ash  and  water 
free  basis."  For  these  reasons,  therefore,  it  is  strange  that  this 
ingredient  has  not  received  earlier  attention. 

In  the  report  of  the  committee  of  the  American  Chemical 

Society  on  Coal  Analysis^  the  question  was  asked:  "Are  carbonates 

likely  to  be  present  in  the  ash  in  such  amount  that  heating  over 

a  blast  lamp  will  lessen  the  weight  appreciably?"    Probably  the 

first  serious  attempt  to  answer  this  question  has  been  taken  up 

recently  in  a  study  of  the  composition  of  the  ash  of  Illinois  coals. 

The  first  results  of  this  study  were  published  as  part  of  Bulletin 

No.  37  of  the  University  of  Illinois  Engineering  Experiment 

Station.^    The  data  therein  contained  covered  a  range  of  50 

^Journal  American  Chemical  Society,  Vol.  20,  p.  284,  1898. 
'Coal  Studies  in  connection  with  the  Illinois  State  Geological  Survey. 
'Unit  Coal  and  the  Composition  of  Coal  Ash.  By  S  W.  Parr  and  W.  F. 
Wheeler,  1909. 
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coals  from  15  counties.  The  results  showed  calcium  carbonate 
to  be  uniformly  present,  but  in  widely  varying  amounts.  The 
studies  were  continued  in  order  to  determine  if  the  distribution 
of  this  ingredient,  or  the  increase  or  decrease  of  the  same  in  quan- 
tity, conformed  to  any  well-defined  areas.  Fifty  additional  samples 
were  therefore  examined  and  the  results  published  in  Bulletin 
No.  16  of  the  lUinois  State  Geological  Survey.  These  studies 
have  been  continued  in  connection  with  the  work  of  the  survey 
until  at  the  present  time  the  total  samples  examined  number 
235,  coming  from  nearly  every  coal-producing  county  in  the  State. 

In  discussing  this  constituent  it  may  be  well  at  the  outset  to 
refer  to  the  form  in  which  it  occurs.  It  has  been  a  common  belief 
that  the  white  flakes  frequently  observed  in  the  cleavage  planes 
of  coal  were  calcium  sulphate.  An  examination  of  such  material 
somewhat  frequently  made  by  the  writer  found  it  in  fact  to  be 
gypsum.  However,  the  analytical  data  above  referred  to,  showing 
an  almost  universal  distribution  of  calcium  carbonate  in  coal, 
have  led  to  a  more  critical  examination  with  the  result  that  not 
infrequently  the  white  scales  are  found  to  be  calcite.  These 
two  substances,  moreover,  differ  in  appearance  to  such  an  extent 
that  they  can  usually  be  readily  distinguished  without  resort  to 
chemical  or  microscopic  examination. 

Figure  1,  for  example,  illustrates  a  quite  liberal  flaking  in  the 
cleavage  planes  of  calcium  sulphate.  In  appearance  it  is  a  "dead" 
or  "flat"  white  without  lustre. 

Figure  2  shows  a  layer  of  calcite.  It  is  much  more  vitreous  in 
appearance  with  the  suggestion  that  it  might  be  semi-transparent 
if  held  up  to  the  light.  And  upon  trial  it  is  found  to  have  this 
property. 

In  the  accompanying  table  the  CO2  is  given  in  percentages  of 
the  dry  coal.  It  is  also  calculated  to  calcium  carbonate  and 
given  in  percentages  both  of  the  dry  coal  and  of  the  standard 
ash.  It  should  be  noted,  moreover,  that  these  samples  were  taken 
at  the  working  face  of  the  vein,  crushed  and  quartered  according 
to  standard  methods,  sealed  in  tins  and  sent  direct  to  the  labora- 
tory. Certain  considerations  seem  to  be  suggested  by  the  results 
as  shown.  The  occasional  excessively  high  percentage  of  CO2 
is  striking  and  indicates  the  need  for  taking  account  of  this  con- 
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Figure  3 


stituent  in  all  coals  where  the  ash  content  is  high  enough  to  admit 
of  so  large  a  disturbing  factor.  For  example,  in  two  cases,  one  in 
Bureau  County  and  one  in  Franklin  County,  the  content  of  CO2 
exceeds  4  per  cent,  representing  a  calcium  carbonate  factor  of 
over  10  per  cent  of  the  weight  of  the  coal.  Again  five  samples 
exceed  2  per  cent  of  CO2,  representing  in  every  case  an  amount 
of  calcium  carbonate  in  excess  of  5  per  cent  of  the  total  weight. 
There  are  also  36  samples  with  more  than  1  and  less  than  2  per 
cent  of  CO2.  That  is  to  say,  over  15  per  cent  of  the  235  samples 
have  an  amount  of  carbon  dioxide  in  excess  of  one  per  cent.  And 
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if  we  count  in  all  samples  having  a  sufficiently  high  content  of  this 
material  to  represent  a  content  of  calcite  in  excess  of  2  per  cent 
the  number  reaches  55  in  235  samples,  or  over  23  per  cent. 

In  view  of  the  ease  with  which  this  constituent  can  be  measured 
it  should  not  be  considered  so  much  of  a  burden  as  to  make  its 
determination  objectionable.  The  apparatus  involves  no  essen- 
tially new  features  but  is  a  simple  and  convenient  assembling  of 
well  known  units. 

Figure  3  illustrates  the  apparatus  used  throughout  these  experi- 
ments. Five  grams  of  powdered  coal  are  placed  in  the  flask  B 
and  acid  is  added  from  the  dropping  funnel  A.  At  the  close  of 
the  operation,  after  boiling  out  the  CO2  from  the  solution,  the  flask 
and  capillary  are  filled  with  water  to  the  three-way  cock  T.  The 
carbon  dioxide  is  measured  by  difference  after  absorption  in  the 
potash  solution  in  P. 

So  far  as  the  data  in  hand  are  concerned,  the  most  important 
generalization  regarding  the  distribution  of  calcite  in  the  coal 
measures  would  seem  to  be  that  its  occurrence  is  entirely  adven- 
titious and  bears  little  if  any  relation  to  the  overlying  material. 
The  same  region  or  county  and  even  the  same  mine  will  frequently 
show  variations  almost  as  widely  apart  as  the  extremes  through- 
out the  State.  One  possible  exception  may  be  noted.  In  Perry 
County  the  range  of  variation  is  relatively  narrow  and  the  values 
rarely  exceed  0.5  per  cent  of  CO2. 


In  Percentage  of  Dry  Coal 


Ash  as 


Per  ct. 
CO,  of 

CO  2   calculated  CaCOs 


No.  County 


Seam 


determined 
by  the 


standard 


to  in  ctd. 
CaCO,  ash 


method 


617 

2621 
2622 
2634 
4389 
4390 
2641 
2811 
2784 
2785 
2798 
996 
1176 
1178 


Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Calhoun 


Christian 
Christian 
Christian 
Christian 


Clintan 
Clinton 
Clinton 


2 
6 
6 
6 
2 
2 
2 
6 
6 
6 
6 
6 
6 
6 


11.62 
20.38 
10.61 
12.77 
9.07 
8.46 
12.97 
12.01 
11.16 
10.61 
9.18 
10.47 
13.59 
15.56 


.94  2.13  13.8 

4.46  10.12  36.8 

.52  1.18  9.7 

.98  2.22  13.1 

.68  1.55  12.04 

.81  1.84  14.83 

.62  1.41  7.9 

.56  1.27  7.7 

1.20  2.72  17.3 

.64  1.45  9.9 

.07  .16  1.3 

.44  1.00  6.9 

.40  .91  5.1 

2.48  5.63  26.9 
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THE    RESINIC  BODIES  IN  BITUMINOUS  COAL^ 


By  S.  W.  Parr 
University  of  Illinois,  Urbana,  III. 

By  resinic  bodies  is  meant  those  degradation  products  resulting 
from  the  decomposition  and  transformation  by  geologic  processes 
of  the  original  vegetable  matter  of  the  resinous  type.  The  presence 
and  character  of  this  material  is  based  on  the  fact  that  oxygenated 
compounds  exist  in  coal  which  may  be  removed  by  certain  sol- 
vents, as  phenol,  etc.;  that  they  are  unsaturated  and  may  readily 
take  up  and  unite  chemically  with  oxygen;  that  they  may  be  dis- 
tilled at  low  temperatures  yielding  distillates  that  have  the  same 
characteristics  as  to  avidity  for  oxygen  and  chemical  union  with 
the  same;  and  upon  extraction  they  are  found  to  have  a  rather 
definite  melting  point  and  this,  moreover,  is  below  the  temperature 
at  which  decomposition  occurs.  These  characteristics  are  all  of 
a  pronounced  type  and  are  of  such  a  nature  as  to  impart  to  the 
coal  itself  the  most  fundamental  of  its  characteristics.  It  is, 
therefore,  upon  a  better  understanding  of  the  character  and  be- 
havior of  these  bodies  that  our  real  knowledge  of  coal  must  be 
based.  It  is  the  purpose  of  this  paper  to  call  attention  to  some 
of  the  more  important  of  the  properties  and  effects  produced  by 
the  presence  of  these  resinic  residues. 

1.  The  Deterioration  of  Coal  Samples  in  Laboratory  Containers. 
This  behavior  is  directly  due  to  the  avidity  of  the  freshly  mined 
coal  for  oxygen.  The  studies  of  Parr  and  Barker  on  the  ''Occluded 
Gases"  in  coaP  show  this  characteristic  in  a  marked  degree  and 
also  that  the  oxygen  is  combined  chemically  and  retained  as  part 
of  the  structure  of  the  coal. 

There  is,  moreover,  direct  evidence  of  deterioration  of  coal 

samples  after  preparation  by  air  drying,  grinding  and  storage  in 

glass  jars  with  rubber  seal.    The  amount  of  deterioration  varies 

with  different  varieties  of  coal  and  with  the  length  of  time  in 

storage,  but  is  not  sufficiently  uniform  to  be  definitely  expressed 

'Coal  Studies  in  connection  with  the  Illinois  State  I ! )  )  ;  ;  i 
•Bulletin  No.  32,  University  of  Illinois  Engineering  Experiment  Station, 
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in  percentage  form.  A  loss  from  3  to  5  per  cent  over  a  period  of 
three  years  is  a  common  factor  for  coals  of  the  Illinois  type.  With 
Eastern  coals  the  deterioration  is  more  nearly  within  a  range  of 
from  i  to  1|  per  cent. 

With  certain  coals,  especially  in  IlUnois,  there  is  an  active 
deterioration  during  the  period  immediately  after  breaking  out 
from  the  vein  and  which  covers  the  time  in  transit  and  in  process 
of  preparation  and  grinding  for  calorimetric  determinations. 
This  loss  ranges  from  J  to  1  per  cent  in  the  first  ten  days. 

While  it  is  not  possible  to  indicate  any  general  rule  covering 
the  case,  it  is  evident  that  comparative  values  in  the  matter  of 
the  heat  determinations  should  refer  to  samples  tested  at  approxi- 
mately the  same  date.  As  illustrating  this  fact  of  deterioration 
there  is  given  in  the  accompanying  table  the  log  of  values  on  25 
coals  which  have  been  in  storage  for  varying  lengths  of  time. 

2.  The  Weathering  of  Coal.  This  effect  is  again  directly  traceable 
to  the  avidity  of  the  resinic  bodies  for  oxygen.  From  studies  on 
weathering  in  this  laboratory^  there  is  evidence  that  in  the  prehmi- 
nary  stages  of  weathering,  that  for  example  which  occurs  during 
the  first  year,  the  weathering  effect  is  seemingly  only  that  amount 
and  kind  of  deterioration  represented  by  the  attraction  of  the 
resinic  bodies  for  oxygen.  In  this  connection  it  is  interesting  to 
note  the  substantial  agreement  in  the  loss  of  heat  values  sustained 
by  coal  masses  in  open  air  storage  and  the  pulverized  samples 
under  conditions  of  laboratory  storage. 

3.  The  Free  Burning  Property  of  Fresh  Coal,  This  property  is 
doubtless  largely  due  to  the  chemical  activity  of  the  resinic  bodies. 
Coal  that  has  been  exposed  to  the  air  for  some  time,  especially  in 
the  finer  sizes,  is  said  to  be  "dead"  as  to  its  behavior  on  the  grates. 
Pillar  coal  from  the  mines  behaves  similarly  and  must  be  sold  at 
a  reduced  price.  The  firemen  who  use  such  coal  are  of  the  opinion 
that  it  has  lost  a  large  per  cent  of  its  heat  values.  The  active 
constituents  however  have  become  saturated  with  oxygen  and 
while  this  slow  reaction  has  only  at  the  most  reduced  the  heat 
value  by  3  or  4  per  cent  it  has  seriously  impaired  the  burning  prop- 
erty of  the  fuel.   The  speed  of  combustion  is  so  greatly  reduced 

'Bulletin  No.  38  University  of  Illinois  Engineering  Experiment  Station, 
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it  is  said  to  be  '^dead"  instead  of  ''free  burning"  and  in  fact  be- 
cause of  the  greater  draft  required  its  real  efficiency  has  been 
impaired  to  a  degree  much  greater  than  would  be  indicated  by 
the  simple  matter  of  loss  in  heat  content.  Lignites  which  are 
especially  deficient  in  these  more  active  resinic  bodies  correspond, 
in  a  measure,  to  the  weathered  coal  in  the  matter  of  extra  draft 
required  and  consequent  lowering  of  efficiency. 

4.  Spontaneous  Combustion.  In  a  recent  bulletin  by  Parr  and 
Kressman^  it  is  shown  that  the  initial  cause  for  the  heating  of 
coal  in  piles  is  the  activity  it  possesses  in  the  matter  of  uniting 
with  oxygen  at  ordinary  temperatures.  The  oxidation  of  pyritic 
sulphur  is  only  secondary  and  of  a  contributory  character.  These 
conclusions  are  also  arrived  at  by  Porter  and  Ovitz^. 

5.  The  Storage  of  Coal.  The  ability  to  store  coal  in  large  masses 
is  directly  dependent  upon  an  understanding  of  and  properly 
meeting  the  peculiar  properties  of  the  resinic  bodies.  This  follows 
as  a  direct  corollary  to  the  preceding  topic  touching  the  causes 
for  spontaneous  combustion.  This  fact  is  susceptible  of  demon- 
stration in  so  many  ways  that  one  illustration  only  will  be  given 
here.  In  a  recent  experiment  in  storage  methods,  screenings  in 
car  lots  from  the  same  mine  were  stored  in  two  lots,  alternating 
the  cars  so  that  the  same  kind  of  coal  went  into  each  pile.  In  one 
case  the  coal  was  thrown  out  by  shovel  upon  a  pile  which  was 
narrow  at  the  top  and  wider  at  the  base  by  reason  of  the  loose 
particles  of  coal  rolUng  down  the  side.  As  the  coal  increased  in 
amount,  the  width  of  the  mass  at  the  top  was  increased  and  the 
material  at  the  base  was  further  augmented  by  the  loose  particles 
which  would  roll  down  the  side.  In  this  manner,  it  will  readily 
be  seen,  a  mass  of  coal  was  built  up  having  the  finer  stuff  on  top, 
while  the  base,  as  it  was  gradually  formed  of  the  loose  nut  sizes, 
was  open  and  porous.  It  may  be  noted  here  that  this  pile  was 
at  once  in  distress.  The  heating  began  along  the  base  of  the  pile 
and  quickly  reached  the  glowing  stage. 

The  other  part  of  this  same  coal  was  delivered  by  belt  machinery 
through  a  single  spout  and  from  that  point  was  moved  in  large 

i^The  Spontaneous  Combustion  of  Coal."  Bulletin  No.  46,  University 
of  Illinois  Engineering  Experiment  Station,  1910. 

2 "The  Spontaneous  Combustion  of  Coal."  Technical  Paper  No.  16,  United 
States  Bureau  of  Mines,  1912. 
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masses  by  a  road  scraper  and  horses  and  distributed  between 
retaining  walls.  Of  course,  these  conditions  were  favorable  for 
very  thoroughly  packing  the  mass.  This  was  further  assisted  by 
the  fact  that  the  coal  came  in  as  a  rule  in  a  wet  condition.  This 
pile  of  over  2000  tons  attained  a  height  on  the  average  of  about 
12  feet.  Numerous  temperature  pipes  were  inserted  about  the 
mass  so  that  readings  could  be  taken  at  any  desired  depth.  This 
pile  remained  in  perfect  condition  for  some  months.  Recently, 
however,  a  discharge  of  fresh  coal  from  the  spout  was  allowed 
to  form  in  a  conical  pile  with  the  loose  nut  sizes  ratthng  down  to 
the  base  of  the  pile.  Heating  at  once  began  at  that  piont.  These 
experiments  in  storage  are  being  continued  but  they  have  already 
gone  far  enough  to  demonstrate  the  fact  that  coal  storage,  when 
it  is  accomplished,  will  depend  upon  a  full  understanding  and 
explicit  following  of  the  principles  that  govern  the  behavior  of 
the  resinic  bodies. 

6.  The  Coking  of  Coal.  It  was  said  at  the  outset  that  the  resinic 
bodies  of  coal  had  a  rather  definite  melting  point  and  that  this 
was  below  the  point  at  which  decomposition  takes  place.  In  a 
recent  bulletin/ wherein  was  given  a  brief  discussion  of  the  theory 
of  the  coking  of  coal,  the  proposition  is  offered  to  the  effect  that 
coke  formation  was  dependent  upon  the  presence  of  a  luting  body 
having  a  definite  melting  point  which  was  also  below  the  point  of 
decomposition.  As  an  illustration  an  artificial  or  synthetic  coal 
was  prepared  in  which  glucose  played  the  part  of  the  body  with  a 
low  melting  point  and  coke  breeze  served  as  the  bulk  of  inert  non- 
coking  material.  The  resulting  product  after  passing  through  the 
coking  process  was  dense  and  strong  and  a  good  specimen  of  coke. 
Now  this  is  exactly  the  role  played  by  the  resinic  bodies  in  bitu- 
minous coal.  The  trouble  with  most  coals  of  the  Illinois  type  is 
that  they  have  too  large  a  quantity  of  this  resinic  material.  If 
we  try  to  coke  pure  sugar,  for  example,  it  blows  itself  into  a  light 
friable  mass.  If  we  coke  Illinois  coals  alone  we  obtain  a  light 
porous  soft  coke.  But,  Hke  sugar,  if  we  mix  in  a  proper  amount  of 
inert  material  which  also  will  permit  of  the  escape  of  the  gases 
without  blo^^^ng  the  mass  into  a  sort  of  foaming  texture,  we  shall 

•Studies  on  the  Coking  of  Coal  at  Low  Temperatures.  Bulletin  No.  60, 
University  of  Illinois  Engineering  Experiment  Station.  By  S.  W.  Parr  and 
H.  L.  Olin,  1912. 
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be  able  to  produce  a  dense  hard  coke  which  bears  little  resemblance 
in  any  of  its  physical  properties  to  the  coke  obtained  under  natural 
conditions. 

Figure  A  is  a  good  illustration  of  what  may  be  obtained  by 
mixing  an  Illinois  coal  from  Vermillion  county  with  coke  breeze 
in  the  ratio  of  1  to  1. 

A  further  illustration  touching  this  function  of  the  resinic 
material  is  of  interest.  By  extraction  with  phenol  we  are  able  to 
divide  the  coal  into  the  two  general  types  of  bodies,  the  cellulose 
residuum  and  the  resinic  substances.  Such  a  separation  is  shown 
in  Figures  B  and  C.  In  B  is  illustrated  the  insoluble  residue  which 
may  be  considered  as  the  degradation  product  resulting  from  the 
decomposition  of  the  original  cellulose  material.  The  substance 
C  is  granular,  glassy  and  rather  brittle  with  a  melting  point  some- 
what above  200°  and  represents  the  final  product  of  what  in  the 
original  material  was  resinous  in  type.  Now  if  we  submit  the 
cellulose  body  to  the  coking  process  we  obtain  the  result  showTiin  B^ 
It  is  a  fine  powder  just  as  it  was  before  treatment,  having  showTi 
no  tendency  whatever  towards  coking.  If  now  we  mix  B  and  C 
in  a  proportion  corresponding  to  the  original  ratio  of  the  two 
substances,  that  is,  approximately  68  per  cent  of  B  to  32  per  cent 
of  C,  and  apply  the  coking  process,  we  shall  have  results  as  shown 
in 

This  latter  substance  is  a  hard  coke.  It  should  be  noted  in 
passing  that  this  property  of  melting  is  completely  lost  if  the  coal 
is  exposed  to  the  air  in  a  finely  divided  state  or  under  other  condi- 
tions as  to  time,  etc.,  to  such  an  extent  that  the  resinic  bodies 
have  become  saturated  with  oxygen.  In  the  case  of  lignites  it 
is  doubtless  true  that  the  absence  of  resinic  bodies,  or  the  oxidation 
to  a  large  extent  of  such  as  they  may  have  possessed,  is  the  explana- 
tion for  the  lack  of  coking  properties  in  such  material.  Further 
studies  along  this  line  are  being  continued  and  it  is  evident  that 
if  ever  a  serviceable  coke  is  made  from  Illinois  coals  it  will  depend 
in  no  small  degree  upon  an  understanding  of  the  properties  and 
function  of  the  resinic  bodies. 

7.  Classification.  It  is  not  intended  in  this  discussion  to  take 
up  the  subject  of  classification.  Enough  has  been  said,  however, 
it  would  seem,  to  indicate  the  important  bearing  that  the  resinic 
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bodies  have  upon  the  character  of  the  coal.  Evidently,  therefore, 
a  more  intelligent  classification  would  result  only  from  an  extended 
knowledge  of  the  amount,  composition,  properties,  etc.,  of  this 
most  important  ingredient  of  coal.  It  is  to  be  hoped  that  improved 
analytical  methods  will  bring  to  our  aid  much  data  along  this  Hne 
which  at  the  present  time  is  conspicuously  and  seriously  lacking. 


TAR  DISTILLATION  IN  THE  UNITED  STATES 
GENERAL  DEVELOPMENT  AND  RECENT 
PROGRESS 


By  R.  p.  Perry 
New  York,  N.  Y. 


1.  Introduction 
One  feature  of  the  general  conservation  movement  which  has 
attracted  much  attention  in  recent  years  is  the  estimated  use  and 
available  supply  of  coal.  For  years  our  household  and  factory 
fires  have  been  burning  cheerfully, — although  in  many  cases 
rather  smokily, — and  we  have  had  an  optimistic  feeling  that  our 
coal  mines  were  inexhaustible.  Even  now  fuel  is  so  plentiful 
and  comparatively  cheap  in  many  parts  of  the  country  that  a 
large  portion  of  the  public  forgets  that  there  may  be  a  cold  to- 
morrow. If  we  travel  by  night  through  the  Connellsville  section 
we  see  the  glare  from  thousands  of  beehive  ovens  light  up  the 
sky  and  throw  picturesque  shadows  on  the  hills,  but  if  we  study 
the  careful  and  interesting  reports  of  the  United  States  Geological 
Survey,  we  may  well  be  amazed  at  the  apparently  reckless  annual 
waste  of  millions  of  dollars'  worth  of  by-products, — gas,  ammonia 
and  tar, — from  these  ovens,  when  converting  bituminous  coal  into 
coke  for  the  great  iron  and  steel  industry.  At  the  same  time, 
those  who  are  familiar  with  the  conditions  abroad  wonder  why 
they  see  there  so  many  orderly  piles  of  coal  briquettes  utihzing 
the  coal  dust  or  slack  with  a  coal  tar  pitch  binder,  while  in  certain 
regions  here  they  see  abandoned  culm  banks.  The  explanation 
is  as  indicated  above, — the  past  and  present  generation  living  for 
themselves  on  the  easily  obtained  abundance  of  our  mineral 
resources,  and,  if  they  stop  to  consider  the  future,  assuming  it 
will  take  care  of  itself.  Some  caustic  criticism  has  been  directed 
at  American  wastefulness,  and  it  is  by  no  means  undeserved,  but 
our  foreign  friends,  who,  having  more  slender  coal  supplies,  raise 
their  hands  in  righteous  horror  at  our  methods,  should  make  due 
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allowance  and  remember  that  in  some  directions  the  American 
traveler  is  equally  amazed  at  the  evidence  he  sees  abroad  of  what 
appears  to  him  a  waste  of  human  labor  or  of  special  materials. 
I  can  remember,  for  example,  seeing  in  Germany  some  miles  of 
solid  fence  along  the  railroad  made  of  abandoned  steel  crossties, 
one  end  buried  in  the  ground,  set  closely  touching  one  another. 
We  would  hardly  understand  such  fence  construction  from  our 
experience  and  point  of  view.  Similarly,  the  American  manu- 
facturer, accustomed  to  labor-saving  devices  at  home,  is  almost 
speechless  when  he  sees  the  army  of  porters  cumbrously  trans- 
porting luggage  from  boat  to  dock  and  vice  versa  at  the  Euro- 
pean ports. 

In  each  case  there  is  sure  to  be  some  reason,  although  not 
always  an  adequate  one,  why  conditions  are  as  they  are.  Some 
little  emphasis  is  laid  on  this  point  as  it  rises  again  and  again  in 
considering  the  development  of  the  tar  industry  in  the  United 
States,  as  it  inevitably  must  be  considered  in  comparison  with 
the  development  abroad,  particularly  in  Germany.  For  example, 
the  more  scientifically  interested  traveler  who  has  read  of  the 
wonderful  coal  tar  dyes,  colors,  medicines,  etc.,  and  may  have 
seen  some  of  the  very  large  factories  in  Germany,  wonders  why 
such  products  are  not  made  in  the  United  States.  If  satisfied 
with  the  first  tabloid  answer  available,  he  will  recall  what  the 
popular  scientific  magazines  have  written  about  the  German  supe- 
riority in  chemical  lines,  and  assume  that  tells  the  whole  story. 
The';  brilhant  reputation  of  our  good  friends,  the  Germans,  is 
certainly  very  well  deserved,  but  numerous  domestic  and  inter- 
national trade  conditions  have  an  equal  or  more  important  bear- 
ing on  why  the  development  of  the  industry  has  been  along  radi- 
cally different  lines  here  and  abroad. 

Going  back  to  the  initial  fact  that  many  million  barrels  of  tar 
literally  go  up  in  smoke  from  our  beehive  coke  ovens,  we  find 
there  was  in  the  past  a  well-defined  fear  of  undertaking  by- 
product ovens  for  several  reasons.  In  the  first  place,  it  took  much 
time  to  overcome  the  incorrect  feeling  that  for  some  intangible 
reason  metallurgical  coke  was  better  when  made  in  beehive 
ovens.  Also  it  was  feared  there  would  not  be  a  market  for  the 
tar  product  which  would  be  sufficiently  large  and  remunerative. 


X] 


Congress  of  Applied  Chemistry 


235 


Both  of  these  fears  have  now  been  overcome,  as  the  successful 
use  of  by-product  coke  has  become  a  fact  in  the  most  progressive 
furnaces,  and  in  general  the  tar  industry  has  taken  up  the  greatly 
increased  production. 

Successful  working  up  of  the  tar  commercially  here  depends 
upon  finding  a  profitable  use  for  its  main  constituent,  pitch,  as 
there  has  been  a  much  greater  demand  for  the  oils  and  the  prod- 
ucts derived  from  them  than  our  domestic  supply.  The  foreign 
use  of  pitch  is  mainly  as  a  binder  for  coal  dust  or  slack  in  making 
briquettes.  There  has  recently  been  a  very  appreciable  develop- 
ment of  briquetting  in  certain  sections  here,  but  a  curious  argu- 
ment in  a  circle  is  still  heard  at  times.  On  the  one  hand,  some 
coke  operators  have  said  there  was  no  market  for  additional  tar 
because  there  was  no  briquette  industry  and  at  the  same  time 
briquetting  interests  have  regretted  there  was  no  assurance  of 
an  adequate  supply  of  pitch  binder  because  the  limited  output 
of  tar  distillation  went  to  make  pitches  for  other  purposes  which 
would  bear  a  higher  price.  Between  the  two  stood  the  tar  dis- 
tillers, ready  and  anxious  for  additional  business,  but  as  usual 
there  were  other  economic  conditions  having  a  most  important 
influence. 

In  many  places  bituminous  lump  coal  is  still  so  comparatively 
cheap  and  abundant  that  briquettes  could  not  compete  and  the 
market  for  domestic  briquettes  from  Anthracite  dust  is  also  some- 
what limited.  In  some  cases  the  geographical  location  of  tar 
production  and  possible  pitch  consumption  are  so  far  apart  that 
railroad  freights  are  an  insuperable  barrier. 

Another  present  and  potentially  very  large  use  for  tar  prod- 
ucts is  in  making  bituminous  road  binders,  as  covered  in  other 
papers.  I  will  only  mention  in  passing  that  although  this  develop- 
ment in  the  United  States  is  extremely  satisfactory,  yet  there 
are  very  large  supplies  of  Petroleum  products  and  residues  de- 
signed for  road  work  at  low  prices,  whereas  these  conditions  are 
reversed  abroad,  particularly  in  Germany.  In  fact,  the  great 
increase  of  road  tar  abroad  has  tended  to  divert  much  tar,  leaving 
a  shortage  in  the  briquette  pitch  field. 

As  regards  dyes,  colors,  medicines,  special  chemical  products, 
etc.,  derived  from  coal  tar,  the  conditions  are  peculiar.    Most  of 


236 


Original  Communications:  Eighth  International  [vol. 


these  are  derived  from  Benzol,  Phenol,  Cresol,  Naphthalene  and 
Anthracene.  Figured  on  the  original  tar  these  total  only  a  rela- 
tively small  percentage.  Further,  the  finer  products  require 
numerous  intermediate  steps,  involving  more  or  less  labor,  as 
well  as  extensive  chemical  treatment  with  acids  and  alkalies. 
The  price  of  labor  abroad,  including  trained  chemists,  would 
probably  average  not  more  than  about  half  that  paid  in  the  United 
States.  The  question  as  to  what  the  smaller  wages  will  purchase 
relatively  in  the  way  of  rent,  food,  clothing,  etc.,  is  an  interesting 
economic  study,  but  does  not  alter  the  fact  that  to  the  manufac- 
turer the  labor  costs  very  much  less  and  enables  him  to  produce 
cheaper  in  this  respect.  In  many  cases,  also,  he  has  an  advantage 
in  cheaper  chemicals,  which  play  a  very  large  part  in  the  cost  of 
the  finished  products,  running  from  about  fifty  per  cent  upwards. 
Another  most  important  feature  is  the  patent  situation.  Many 
of  the  finer  products  derived  from  coal  tar  are  covered  by  United 
States  patents  held  directly  or  indirectly  by  a  small  group  of 
German  interests.  Dr.  Bernard  Herstein  has  recently  analyzed 
this  situation  in  an  interesting  way.^  Perhaps  one  most  essential 
point  is  that  existing  United  States  patent  law  (differing  from 
that  of  most  foreign  countries)  permits  patenting  of  the  product 
as  such  as  well  as  any  particular  means  of  production,  and  further, 
there  is  no  requirement  that  the  product  be  made  or  the  process 
used  in  the  United  States.  In  other  words,  the  German  group 
can  and  does  control  a  large  number  of  United  States  patents 
on  these  products,  and  having  this  protection  it  is  under  no  nec- 
essity of  employing  American  labor  or  capital  in  manufacturing 
here,  but  can  ship  to  this  country  from  Germany  or  elsewhere, 
subject  only  to  tariff  regulations.  The  injustice  of  a  similar 
situation  has  recently  been  recognized  by  Great  Britain  which 
adopted  a  compulsory  working  act,  with  the  result  that  many 
foreign  firms  promptly  built  factories  in  England.  The  matter 
is  very  important  in  connection  with  the  features  mentioned, 
producing  lower  manufacturing  costs  in  Germany.  It  seems  prob- 
able, however,  that  with  due  justice  to  inventors,  a  proper  re- 
vision of  the  patent  laws  will  be  accompHshed  before  long. 

One  further  rational  explanation  why  these  finer  products  have 
^Address  before  Society  of  Chemical  Industry,  New  York,  April  19th,  1912. 
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not  been  produced  here  is  that  generally  there  have  been  uses 
for  the  crude  or  semi-refined  products  here  which  netted  consider- 
ably more  than  the  fine  products  would  have  secured.  Naturally 
the  tar  industry  has  developed  along  the  lines  of  least  resistance, 
but  already  a  beginning  has  been  made  here  in  the  direction  of 
the  finer  products,  and  many  of  these  can  be  available  as  fast 
as  there  is  a  demand  at  prices  permitting  their  manufacture  under 
our  conditions.  Wherever  mechanical  handling  and  machinery 
plays  an  important  part  the  United  States  probably  has  some 
advantage. 

2.  Sources  of  Tar,  and  Estimated  Quantities 

In  the  discussion  so  far,  I  have  referred  only  to  the  supply  of 
tar  from  by-product  coke  ovens,  as  this  is  much  larger  at  present 
than  gas  works  tar  and  growing  much  more  rapidly.  The  earlier 
coke  ovens  were  built  near  the  mines  and  steel  works  of  Pennsyl- 
vania, but  they  have  followed  the  blast  furnaces  as  these  have 
moved  to  the  large  distributing  centers, — it  having  been  found 
better  to  haul  the  coal  to  such  points  instead  of  the  coke.  Such, 
for  example,  is  the  recent  very  large  development  near  Chicago, 
there  being  by-product  ovens  at  Gary,  Joliet,  South  Chicago  and 
Milwaukee.  More  recently,  under  peculiarly  favorable  condi- 
tions of  supply  of  raw  materials  for  iron  and  steel  manufacture, 
some  large  coke  oven  plants  have  been  erected  near  Birmingham, 
Alabama.  There  are  many  others  distributed  throughout  the 
eastern  half  of  the  United  States,  some  of  them  located  where 
they  can  supply  illuminating  gas  to  large  cities,  and  others  use 
their  surplus  gas  in  open  hearth  furnaces  or  other  parts  of  the 
steel  plant.  As  distinct  from  by-product  ovens,  the  gas  works 
are  located  always  in  the  cities,  the  largest  producers  of  gas  works 
tar  being  in  New  York,  Chicago,  Philadelphia,  etc.  Most  of 
these  gas  works  produce  both  coal  tar  and  water  gas  or  oil  tar. 
The  differences  of  quality  will  be  considered  later.  In  some  sec- 
tions of  the  United  States  the  abundant  and  cheap  supply  of 
natural  gas  has  temporarily,  at  least,  made  the  operation  of  gas 
works  financially  impracticable. 

It  is  somewhat  difficult  to  get  complete  data  of  production  of  tar, 
especially  of  the  gas  works  grade,  but  it  seems  probable  that,includ- 
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ing  coke  oven  and  both  kinds  of  gas  works  tar,  the  1912  pro- 
duction in  the  United  States  may  not  be  very  far  from  165,000,000 
gallons,  of  which  about  two-thirds  is  coke  oven  tar.  In  com- 
parison with  this,  it  has  been  estimated^  that  if  the  remaining 
beehive  ovens  were  converted  to  by-product  ovens,  there  would 
be  an  annual  increased  production  of  perhaps  375,000,000  gallons. 
That  the  development  in  this  direction  has  been  recently  very 
strong  is  indicated  by  the  fact  that  within  the  year  ending  in 
September  new  by-product  ovens  have  begun  operations  turning 
out  approximately  35,000,000  gallons  of  tar  per  annum. 

3.  Quality  of  Various  Tars 

Depending  upon  the  coal  used,  and  more  particularly  upon 
the  size  and  shape  of  retorts,  the  travel  which  the  gases  make 
over  the  hot  surfaces,  and  the  temperatures  to  which  the  gas  is 
subjected,  the  coal  tars  vary  within  wide  limits.  In  general  with 
the  vapors  subjected  to  the  higher  temperatures  usually  char- 
acteristic of  gas  works  as  compared  with  coke  works,  there  is 
an  increase  in  specific  gravity  and  free  carbon.  For  example, 
the  tar  from  many  gas  works  will  average  about  1.24  specific 
gravity  at  15.5°  C.  (60°  F.)  and  about  25%  to  30%  free  carbon  by 
weight,  whereas  from  the  by-product  coke  ovens  the  specific 
gravity  would  average  more  nearly  1.19  and  the  free  carbon  would 
vary  about  5%  to  18%,  the  average  being  less  than  10%. 

This  so-called  free  carbon  represents  a  finely  divided  inert 
material,  largely  carbon,  which  is  the  portion  of  tar  insoluble  in 
Benzol  and  Toluol.  Perhaps  a  very  small  part  is  carried  over 
mechanically  in  the  coking  process,  but  for  the  most  part  it  is 
due  to  the  cracking  of  the  hydrocarbons  by  exposure  to  heat,  and 
the  higher  percentage  usually  found  in  gas  works  tars  is  from 
this  cause.  All  gas  works  tar  does  not  contain  a  high  percentage 
of  free  carbon,  as  I  found  that  in  one  of  the  largest  European  gas 
works  the  free  carbon  in  the  tar  was  only  about  10%,  the  per- 
centage having  been  reduced  very  much  from  former  figures  by 
increase  in  the  charging  of  the  retorts  and  some  other  operating 
changes.    There  has  recently  been  some  development  of  the  use 

'Figured  from  data  in  chapter  on  ''Coke"  by  E.  W.  Parker,  "Mineral  Re- 
sources of  the  United  States,  1910." 
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of  inclined  and  vertical  gas  retorts  in  the  United  States,  some  of 
which  produce  tars  lower  in  free  carbon  than  many  coke  ovens. 

The  free  carbon  test  of  the  various  tars  is  very  important  be- 
cause the  percentage  has  a  very  considerable  influence  on  the 
pitch  product,  and,  moreover,  it  is  an  indication,  to  a  certain 
extent,  of  the  quality  of  oils  and  bitumens  forming  the  balance 
of  the  tar.  For  many  years  there  was  very  little  coal  tar  produced 
in  this  country,  except  from  gas  works  operating  at  very  high 
heats,  and  the  tar  was  extremely  viscous,  of  high  specific  gravity 
and  often  containing  from  30%  to  40%  free  carbon.  It  was  very 
difficult  and  expensive  to  distill  such  tar,  because  of  the  large 
percentage  of  water  which  it  always  contained  and  the  tendency 
for  excessive  carbon  to  coke  on  the  still  bottoms  and  cause  them 
to  burn  out.  Because  of  this  extreme,  the  lower  carbon  coke 
oven  tars  were  welcomed  as  of  relatively  better  quality,  but  to- 
day they  are  not  necessarily  more  valuable  as  they  yield  pitches 
which  are  extremely  subject  to  temperature  influence  —  being 
very  brittle  when  cold  and  easily  flowing  when  heated — and  there- 
fore unsuitable  for  many  pitch  uses  in  the  United  States.  The 
present  vastly  preponderating  amount  of  very  low  carbon  tars 
in  many  places  is  an  extreme  as  imsatisfactory  at  times  to  the 
tar  distiller  as  was  the  very  high  carbon  gas  tar.  Much  of  the 
skill  of  the  successful  distiller  is  directed  to  a  very  careful  study 
of  the  various  tars  he  has  to  handle,  the  selection  of  each  for  the 
purpose  for  w^hich  it  is  best  adapted,  and  the  judicious  combining 
of  various  tars  to  produce  physical  and  chemical  properties  not 
possessed  by  any  one  of  them  separately. 

The  oil  tars  or  water  gas  tars  being  largely  produced  from  the 
petroleum  oils  used  in  making  and  enriching  gas  represent  en- 
tirely different  physical  and  chemical  characteristics,  containing 
compounds  of  the  olefine  series  as  compared  with  coal  tar  con- 
taining compounds  of  the  aromatic  series.  In  general  they  are 
much  thinner  and  more  oily  than  the  coal  tars,  the  specific  gravity 
averaging  about  1.07  at  15.5°  C.  (60°  F.)  and  the  free  carbon  about 
1%.  The  pitches  produced  from  these  tars,  as  might  be  expected, 
show,  to  a  much  higher  degree,  the  properties  of  brittleness  and 
susceptibility  to  temperature  changes,  and  the  oils  have  not  given 
the  very  great  value  for  timber  preservation  which  is  charac- 
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teristic  of  the  coal  tar  oils.  For  these  reasons  the  water  gas  tars 
have  been  much  less  valuable  commercially  than  coal  tars  and 
a  large  amount  has  been  used  as  fuel.  It  is  to  be  hoped  and  ex- 
pected that  further  study  will  find  special  fields  for  the  use  of  water 
gas  tar  and  its  products. 

There  are  some  small  amounts  of  various  other  tars  made, 
such  as  Producer  Gas  Tar,  Lignite  Tar,  Wood  Tar,  etc.,  but  as 
yet  these  are  not  commercially  significant,  although  some  of  them 
may  develop  considerably  in  the  near  future. 

4.  Number  and  Location  of  Distilling  Plants 

There  are  probably  not  more  than  about  40  tar  distilling  plants 
in  the  United  States,  most  of  them  being  naturally  located  near 
the  producing  sources  in  the  section  east  of  the  Mississippi  and 
north  of  the  Ohio  rivers.  The  tars  will  average  to  weigh  about 
9}/2  pounds  per  gallon  and  the  freights  from  the  gas  or  coke  works 
are  often  25%  to  40%  of  the  value  of  the  tar  at  the  shipping  point, 
and  for  this  reason  there  are  many  small  distilling  plants  designed 
to  take  care  of  the  output  from  only  one  or  two  local  sources. 
At  the  same  time  there  are  large  distilling  plants  in  such  cities 
as  New  York,  Chicago,  Philadelphia,  Boston,  Cleveland,  Pitts- 
burgh, St.  Louis,  etc. 

5.  Transportation 

Most  of  the  tar  in  the  United  States  is  handled  in  steel  tank 
cars  of  about  10,000  gallons'  (45  to  50  tons')  capacity,  such  cars 
being  largely  owned  by  the  distilling  companies  because  of  the 
need  of  specially  designed  equipment  which  the  railroad  companies 
do  not  furnish.  These  tank  cars  are  of  the  usual  horizontal  cylin- 
drical type,  about  7  to  8  ft.  in  diameter  and  28  to  30  ft.  long, 
equipped  with  a  dome  on  top  and  outlet  valve  in  the  bottom. 
As  tar  becomes  very  thick  when  cold,  it  is  necessary  to  have  an 
effective  system  of  steam  pipes  for  heating  when  unloading. 
The  breakage  of  these  coils,  —  due  largely  to  severe  shocks  in  trans- 
portation— is  a  very  troublesome  and  expensive  experience.  Where 
conditions  permit  water  transportation  is  used  in  harbor  and 
sea-going  barges  from  25,000  to  300,000  gallons'  capacity  or  more. 
These  boats  are  divided  like  oil  boats  into  various  compartments 
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and  equipped  with  steam  coil  systems  and  powerful  pumps. 
In  some  cases  the  tar  is  handled  through  pipe  lines  from  the  pro- 
ducing plant  to  the  distilling  works,  but  long  pipe  lines,  such  as 
are  used  in  handling  petroleum  oils,  cannot  be  used  with  coal  tar 
on  accoimt  of  the  much  higher  viscosity  of  tar,  especially  when 
cold. 

6.  Receipt  at  Distilling  Plants 
From  the  tank  cars  or  boats,  the  tar  is  pumped  (after  being 
heated  so  as  to  render  it  more  fluid)  into  storage  tanks  of  varying 
sizes,  generally  from  250,000  to  2,000,000  gallons  capacity.  The 
large  tar  plants  require  many  of  these  tanks  so  as  to  keep  the  vari- 
ous grades  of  tar  separate,  there  being  often  four  or  five  main 
grades  and  other  special  ones  from  time  to  time.  These  storage 
tanks  are  generally  of  steel  bottom  and  sides,  the  roofs  and  roof 
supports  being  of  wooden  construction  as  steel  roofs  are  subject 
to  rapid  corrosion.  The  wooden  roofs  are  covered  with  built-up 
roofing  of  felt,  pitch  and  slag  or  gravel.  These  tanks  sometimes 
have  steam  coils  covering  the  entire  bottom,  but  more  often  only 
a  small  section  around  the  outlet  suction  to  permit  warming  the 
tar  as  rapidly  as  required  to  supply  the  pump.  The  tanks  have 
small  outlet  cocks  on  the  side  distributed  from  the  top  to  the 
bottom,  so  as  to  permit  drawing  off  as  far  as  practicable  any 
water  which  was  separated  from  the  tar. 

7.  Uses  of  Crude  Tar 
Just  as  there  existed  a  preference  in  favor  of  beehive  coke,  so 
for  many  years  crude  tar  as  received  from  the  gas  or  coke  works 
was  preferred  for  some  purposes,  but  a  rational  study  has  shown 
that  the  water  and  ammoniacal  liquor  contained  in  the  tar  are 
detrimental  and  only  a  small  amount  of  tar  is  now  being  used  in 
the  crude  state,  except  in  such  cases  as  the  tar  is  used  for  fuel. 

8.  Dehydration 
It  has  long  been  recognized  that  one  of  the  most  troublesome 
and  expensive  steps  in  tar  distillation  is  the  removal  of  the  water 
which  is  intimately  mixed  with  the  tar  as  received  from  the  gas 
or  coke  works.  The  gas  works  tar  is  more  troublesome  because 
it  contains  a  higher  percentage  of  water,  and,  at  the  same  time 
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the  water  is  more  difficult  to  remove  because  the  tar  is  of  greater 
viscosity  and  contains  more  free  carbon.  Many  of  the  coke  oven 
tars  will  average  between  3%  and  6%  water,  and  the  gas  works 
tars  between  4%  and  10%  water,  although  both  kinds  sometimes 
contain  very  much  more,  up  to  40%. 

Two  main  facts  to  bear  in  mind  explaining  why  the  presence 
of  water  is  so  troublesome  are:  First,  water  at  100°  C.  (212°  F.) 
when  changing  into  steam  increases  in  volume  1646  times,  or 
in  other  words,  a  cubic  inch  of  water  becomes  nearly  a  cubic  foot 
of  steam. 

Second,  water  has  the  highest  known  specific  heat.  Dry  tar 
has  a  specific  heat  of  about  0.3  to  0.4  depending  on  the  temper- 
ature and  specific  gravity.  It  will  be  noted,  therefore,  that  it 
requires  about  three  times  as  much  heat  to  raise  one  pound  of 
water  one  degree  as  it  does  one  pound  of  dry  tar. 

Many  methods  have  been  used  to  dehydrate  tar;  perhaps  the 
oldest  one  being  that  of  allowing  it  to  settle  in  storage  tanks 
and  depending  on  its  lighter  specific  gravity  to  cause  the  water 
to  rise  to  the  surface.  This  process  is  aided  by  heating,  intermit- 
tent heating  with  periods  of  settling  being  better  than  continuous 
heating.  Steaming  in  large  storage  tanks  is,  however,  very  ex- 
pensive on  account  of  the  great  loss  by  radiation,  and  at  best 
only  separates  out  a  portion  of  the  water,  particularly  with  gas 
works  tar.  Other  methods  have  been  tried,  such  as  centrifugal 
machines,  squeezing  the  tar  between  heated  rolls  or  in  tanks  under 
pressure,  etc.,  but  have  not  been  commercially  successful.  The 
plan  most  in  favor  is  that  of  heating  the  tar  continuously  in  thin 
films  under  partial  vacuum.  This  method  ordinarily  reduces  the 
water  to  less  than  one  half  of  1%.  Special  dehydrator  apparatus 
is  in  use  at  some  of  the  large  works  having  a  capacity  of  about 
50,000  gallons  in  twenty-four  hours. 

9.  Stills 

After  the  tar  has  been  dehydrated  it  is  pumped  to  intermediate 
insulated  storage  tanks  and  thence  as  required  to  the  stills  for 
making  the  numerous  grades  of  prepared  or  refined  tars,  soft, 
medium  or  hard  pitches.  Contrary  to  the  German  and  English 
practice  of  using  vertical  stills  with  concave  or  convex  bottoms, 
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the  still  development  in  the  United  States  has  been  mainly 
along  the  lines  of  horizontal  cylinders.  Quite  a  number  of  ver- 
tical stills  have  been  used  for  particular  conditions  and  have 
certain  valuable  characteristics.  Many  of  the  German  stills 
up  to  recently  held  from  20  to  30  tons  of  tar,  but  the  usual  stills 
in  the  United  States  hold  twice  as  much  or  more.  One  fact 
which  is  said  to  be  largely  responsible  for  the  smaller  unit  abroad 
has  been  their  desire  to  avoid  night  operation,  whereas  it  is  quite 
common  with  us.  It  seems  quite  probable  to  me  that  before  very 
long  we  shall  have  in  our  large  works  in  the  United  States  three 
eight  hour  shifts,  with  continuous  running  of  the  stills  day  and 
night,  certain  other  portions  of  the  works,  however,  operating 
only  in  the  daytime. 

Different  types  of  brick  still  settings  have  been  used  with  the 
general  purpose  of  avoiding  over-heating  and  burning  out  the 
still  bottoms  and  at  the  same  time  getting  the  maximum  heat 
efficiency  from  the  coal,  liquid  or  gas  fuel.  Depending  upon  the 
local  conditions  and  the  quahty  of  the  oils  and  pitch  desired, 
the  stills  are  run  with  mechanical,  steam  or  air  agitation,  or  vacuum 
in  addition  to  the  usual  heating.  The  temperature  reached  in 
the  liquid  in  the  still  depends  on  the  grade  of  pitch  desired,  the 
higher  temperatures  causing  more  oil  to  be  distilled  off  and  leav- 
ing a  harder  pitch,  but  the  highest  temperature  does  not  usually 
exceed  400°  C.  (752°  F.).  The  operation  of  these  stills  is  inter- 
mittent, consisting  of  charging,  distilling  off  the  desired  amount 
of  oil,  removing  the  residue  by  gravity,  blowing  or  pumping, 
and  repeating.  Continuous  stills  have  certain  theoretical  ad- 
vantages, but  have  not  been  adopted  in  practice  in  the  United 
States.  Successful  continuous  distillation  requires  a  uniform 
grade  of  tar  and  a  demand  for  a  very  large  amount  of  one 
grade  of  pitch  for  uses  which  permit  quite  a  little  latitude  in 
range  of  melting  point.  Several  continuous  processes  have  been 
tried  abroad,  but  have  not  met  with  general  success,  although  I 
know  of  one  very  large  plant  where  one  continuous  process  is 
reported  to  have  been  operated  with  good  satisfaction  over  sev- 
eral years  at  low  cost.  In  many  cases  there  has  been  too  much 
fluctuation  in  the  test  of  the  pitch  and  oil  product,  but  I  feel  sure 
the  continuous  process  will  come  under  conditions  likely  to  de- 
velop in  the  future  in  this  country. 
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10.  Oils,  Condensation,  Uses,  etc. 

The  vapors  escape  from  the  still  through  a  large  vapor  pipe  [ 
to  the  condenser  coils.   All  of  the  vapor  pipe  and  preferably  all  ! 
of  the  coils  should  be  made  of  flanged  cast  iron  pipe  using  thin  \ 
asbestos  gaskets.    In  any  case,  it  is  necessary  to  use  cast  iron 
pipe  as  far  as  one  or  two  turns  below  the  water  in  the  condenser 
tank,  for  the  reason  that  certain  of  the  vapors,  particularly  some 
of  the  ammonia  compounds  in  the  vapor  form,  attack  wrought  , 
iron  or  steel  very  strongly,  but  have  comparatively  little  action 
in  the  condensed  liquid  form.    This  is  one  reason  why  the  tops  | 
of  the  stills  sometimes  eat  through  before  the  bottom.    Most  j 
of  the  tars  at  present  contain  much  less  ammonia  compounds  I 
than  heretofore,  as  the  ammonia  is  for  obvious  reasons  recovered 
at  the  gas  works  or  coke  works. 

The  condenser  tanks  are  usually  square  or  oblong,  with  similar 
shaped  coils,  the  pipes  ranging  from  six  inches  down  to  three  j 
inches.  The  length  of  the  coil  depends  on  the  size  of  the  still,  i 
the  temperature  of  the  available  water,  etc.  The  condensed  oils  | 
are  collected  and  measured  in  small  steel  tanks  of  about  100  to  J 
400  gallons,  capacity,  depending  on  the  size  of  the  stills  and  other  ! 
conditions.  These  small  tanks  are  provided  with  sight  glasses  \ 
and  empty  by  gravity  into  a  manifold  pipe  system  leading  to  | 
various  large  receiving  tanks.  From  three  to  five  fractions  are  ; 
usually  collected,  such  as  Light  Oil,  Carbohc  Oil,  Middle  Oil,  j 
Heavy  Oil  and  Anthracene  Oil.  The  percentage  of  each  fraction 
varies  with  the  tars  used  and  the  commercial  requirement  for  the  i 
oils,  and  no  exact  figures  can  be  given.  The  total  per  cent  of  oil  ; 
secured  in  making  pitch  is  generally  from  20%  to  50%  by  weight.  | 
From  the  receiving  tanks  the  oils  are  pumped  to  large  storage  1 
tanks  for  shipping  or  further  refining. 

The  Light  Oil,  that  having  a  specific  gravity  fighter  than 
water,  is  separated  from  the  water  and  then  used  as  crude  solvent  j 
in  paints  or  for  cleaning  greasy  gears,  etc.,  or  it  is  refined  to  Benzol,  j 
Toluol,  Solvent  Naphtha,  etc. 

The  carbolic  fraction  is  usually  collected  so  as  to  give  the  maxi- 
mum yield  of  tar  acids  consistent  with  getting  at  the  same  time 
as  liquid  an  oil  as  practicable.  The  carbolic  oils,  crude  or  redis- 
tilled, are  cooled  by  natural  or  artificial  refrigeration  to  remove  \ 
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excessive  naphthalene  and  sold  as  crude  Carbolic  Acid  for  dis- 
infectant manufacture.  Inasmuch  as  from  most  tars  the  car- 
bolic oils  seldom  contain  more  than  10%  to  15%  tar  acids,  and 
the  usual  standard  required  is  20%  to  25%,  it  is  necessary  to 
add  extra  acid  as  required.  This  is  obtained  by  extracting  the 
acids  from  other  carbolic  oils,  or  the  middle  and  heavy  oil  fraction. 
The  extraction  process  is  a  simple  one  of  treating  the  oil  under 
suitable  temperature  conditions  with  caustic  soda  solution, 
separating  the  Sodium  Carbolate  and  throwing  the  acids  out 
with  Sulphuric  Acid  or  more  commonly  with  Carbonic  Acid  Gas. 
The  extracted  acid  is  then  redistilled  and  separated  into  Carbolic 
Acid  and  Cresyhc  Acid.  The  former  is  the  basis  for  the  purified 
Crystal  Acid. 

The  demand  for  disinfectants  is  increasing  with  the  campaign 
to  reduce  infectious  growth  and  many  excellent  grades  have 
been  made  for  years,  but  at  the  same  time  many  grades  have 
been  made  unskilfully  and  are  of  no  real  value  beyond  the  psycho- 
logical one  of  having  a  good  healthy  odor.  Just  as  a  standard 
of  purity  or  strength  is  required  for  foods,  drugs,  etc.,  it  is  reason- 
able to  have  a  standard  of  efficiency  for  disinfectants,  and  the 
standard  most  widely  recognized  is  the  Rideal-Walker  method 
of  comparing  with  pure  Phenol  under  special  conditions. 

The  large  use  for  the  Middle,  Creosote  and  Anthracene  oils 
is  for  wood  preserving,  and  they  are  fractioned  so  as  to  meet 
the  various  specifications  of  the  wood  preservers.  This  industry 
is  a  very  large  one  and  growing  rapidly,  as  the  conservationists 
have  pointed  out  to  large  users  of  timber  the  definite  fact  that 
the  local  supply  is  gone  and  the  more  distant  forests  are  being 
rapidly  depleted.  The  railroads  were  among  the  first  to  appre- 
ciate the  situation.  Many  of  the  large  systems  have  had  timber 
preserving  plants  for  years  and  now  very  few  are  without  one  or 
more  of  such  plants.  Other  papers  cover  this  creosoting  industry, 
but  in  this  connection  it  is  of  interest  to  note  that  the  supply  of 
creosote  oil  in  the  United  States  is  much  less  than  the  demand 
and  the  importations  largely  from  England  and  Germany  during 
the  year  1911  were  about  45,000,000  gallons.^  This  quantity 
represents,  perhaps,  about  two-thirds  of  the  total  consumption. 

»House  of  Representatives  Report  No.  326,  page  65. 
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Recently  there  has  been  a  very  large  increase  in  the  use  of  creo- 
soted  wood  blocks  for  paving  as  they  make  an  ideal  pavement 
under  many  conditions,  particularly  where  a  quiet  pavement  is 
desired  in  the  business  sections  of  large  cities.  Also  there  is  an 
increasing  demand  for  the  higher  distilling  grades  of  creosote 
oil  suitable  for  surface  treatment  of  wood  (preferably  by  the 
hot  and  cold  tank  method),  and  high  grade  domestic  oils  are  now 
produced  in  large  amounts. 

Another  use  of  creosote  oils  is  for  shingle  stains,  either  plain 
or  with  colors.  The  use  of  certain  fractions  for  Diesel  and  similar 
internal  combustion  engines  in  Germany  has  not  developed  here 
as  yet  because  there  are  other  more  remunerative  uses  and  in 
this  special  field  there  are  various  cheap  petroleum  products. 

11.  Refined  Tars  and  Pitches 

Depending  upon  the  amount  of  oil  distilled  off,  we  have  as  the 
residue  in  the  stills  either  thick  viscous  tar  or  soft,  medium  or 
hard  pitch.  Sometimes  the  point  for  stopping  distillation  is 
determined  by  the  still  temperature  or  by  the  amount  and  test 
of  the  oil  distillate,  but  such  is  possible  only  with  a  uniform  grade 
of  tar,  and  more  generally  samples  are  drawn  from  the  still  itself 
and  tested,  the  distillation  being  continued  until  the  desired  grade 
is  secured.  The  usual  test  is  for  melting  point,  which  is  determined 
by  various  arbitrary  tests,  as  there  is  no  such  thing  as  a  true  melt- 
ing point  of  a  pitch.  A  general  classification  according  to  the 
half  inch  cube  melting  point  method  would  be  as  follows: 

Distilled  Tars  having  a  melting  point  less  than  32°  C.  (90°  F.) 

Soft  Pitch  having  a  melting  point  from  32°  C.  (90°  F.)  to  49°  C. 
(120°  F.). 

Medium  Pitch  having  a  melting  point  from  49°  C.  (120°  F.) 
to  71°  C.  (160°  F.). 

Hard  Pitch  having  a  melting  point  from  71°  C.  (160°  F.)  to  99°  C. 
(210°  F.). 

Very  Hard  Pitch  having  a  melting  point  from  99°C.  (210°F.) 
upwards. 

When  the  right  grade  has  been  secured  the  distillation  is 
stopped  and  the  still  emptied  either  by  blowing  the  contents  direct 
from  it  by  means  of  dry  steam,  or  by  drawing  the  contents  by 
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gravity  to  a  special  tank  from  which  it  is  blown  as  before  to  stor- 
age tanks  or  coolers.  From  these  the  refined  tar  or  pitch  is  later 
loaded  into  tank  cars  or  tank  wagons,  or  run  into  barrels,  iron 
moulds  or  pitch  bays,  depending  upon  conditions. 

Various  grades  of  refined  or  prepared  tars  are  made  for  road 
binders,  for  mixing  tar  concrete  used  under  wooden  floors  in 
factories,  for  painting  felt  roofs  and  for  saturating  dry  felt  in  mak- 
ing the  various  kinds  of  roofing  paper.  The  grades  are  usually 
determined  by  specific  gravity,  distillation,  free  carbon,  viscosity, 
penetration,  evaporation,  etc. 

The  soft  pitches  are  used  for  road  binders,  and  alone  or  in  com- 
bination w^ith  tarred  felts  for  waterproofing  the  foundations  of 
buildings,  etc.  In  addition  to  the  tests  above,  the  so-called  melting 
point  is  noted. 

The  medium  pitches  are  very  largely  used  for  constructing 
'*Tar  and  Gravel  " — more  properly  ^ 'Pitch  and  Felt"  roofs  used 
on  nearly  all  large  factories  having  comparatively  flat  roofs. 
The  construction  consists  of  applying  alternate  layers  of  tarred 
felt  and  coal  tar  pitch,  the  laps  or  joints  being  broken  and  the 
top  layer  of  pitch  having  imbedded  in  it  clean  gravel  or  crushed 
slag.  The  standard  construction  to-day  calls  for  at  least  five 
layers  of  felt  besides  the  usual  layers  of  pitch  and  gravel  or  slag. 
Other  large  and  growing  uses  are  that  of  paving  pitch  for  filling 
the  joints  of  brick,  stone  and  granite  pavements,  and  for  water- 
proofing bridges,  etc.  These  grades  of  pitch  are  usually  shipped 
in  barrels. 

The  hard  pitches  are  most  largely  used  for  briquetting  coal 
dust  or  slack.  This  promises  to  become  a  very  large  industry 
in  the  United  States  later  on  when  lump  coal  is  more  expensive, 
and  has  already  become  well  established  in  certain  sections  where 
briquettes  are  made  from  anthracite  dust  for  domestic  use. 

The  very  hard  pitches  are  used  for  electric  carbons  and  bat- 
teries, for  insulating,  for  making  ''clay  pigeons"  or  "flying  black- 
birds" used  for  target  shooting,  for  making  core  compound  used 
in  foundries.  These  pitches  are  so  hard  that  they  can  be  ground 
to  powder.  The  hard  pitches  are  run  hot  either  into  iron  moulds 
or  into  pitch  bays  or  pits  and  there  allowed  to  cool.  The  iron 
moulds  can  be  emptied  when  cold  and  the  pitch  can  be  dug  or 
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mined  from  the  bays  and  is  handled  to  cars  for  shipment.  Most 
of  these  hard  grades  are  shipped  in  bulk  so  as  to  save  packages 
and  the  freight  on  same. 

12.  Roofing  Paper 

One  important  branch  of  the  tar  industry  is  the  manufacture 
of  roofing  felts,  largely  a  mechanical  process  and  therefore  one 
in  which  we  are  further  advanced  here  than  abroad.  The 
felt  forming  the  basis  of  these  roofings  is  made  from  mixed  old 
woolen  and  cotton  rags,  largely  cotton,  along  the  lines  similar 
to  other  paper  manufacture.  Various  widths  are  used,  generally 
thirty-two  inches  or  thirty-six  inches,  and  the  paper  varies  in 
thickness  from  the  No.  15  to  the  No.  80  of  the  paper  maker's 
scale,  weighing  from  3.1  to  16.7  pounds  per  one  hundred  square 
ft.,  single  thickness.  This  felt  is  made  in  large  rolls  weighing  about 
400  to  600  pounds. 

The  simplest  form  of  manufacture  is  the  saturation  of  such 
felt  by  passing  the  sheet  continuously  through  a  bath  of  refined 
tar,  then  through  revolving  squeeze  rolls,  which  remove  the  sur- 
plus tar,  and  the  tarred  felt  is  wound  into  measured  rolls  often 
containing  400  to  500  square  ft.  This  kind  of  tarred  felt  is  largely 
used  in  the  ''Felt  and  Pitch"  roofs  and  also  for  waterproofing 
and  sheathing  purposes. 

The  so-called  Prepared  or  Ready-to-Lay  roofings  are  of  many 
different  kinds,  one  standard  form  consisting  of  two  or  three 
layers  of  tarred  felt  cemented  together  with  pitch  and  having  a 
plain  surface  or  one  covered  with  pitch  or  composition  into  which, 
while  hot,  is  imbedded  crushed  Feldspar  or  small  pebbles. 

13.    Refined  Products 

The  refined  products,  as  noted  above,  are  largely  of  the  general 
Benzol,  Naphthalene,  Anthracene  group.  Much  more  crude 
Benzol  is  now  obtained  by  washing  coke  oven  gas  in  oil  scrub- 
bers than  is  obtained  from  coal  tar  distillation.  This  gas  oil  or  the 
light  oil  from  distillation  is  redistilled,  treated  with  Sulphuric 
Acid,  washed,  treated  with  soda  and  then  distilled  with  steam. 
Fractions  are  collected  distilling  within  certain  limits,  such  as  Pure 
Benzol,  90%  Benzol,  Toluol,  Xylol,  etc.    These  are  very  largely 
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used  in  this  country  as  solvents,  especially  in  paint  and  varnish 
lines,  for  making  varnish  remover  and  as  a  basis  for  Nitro-Benzol, 
Aniline,  etc. 

Crude  Naphthalene  is  purified  by  crystaUizing,  passing  through 
centrifugals  to  remove  the  oily  portions,  distilling,  treating  with 
Sulphuric  Acid  and  crystaUizing  or  subliming. 

Large  amounts  are  used  for  moth  balls.  Specially  purified 
Naphthalene  is  the  raw  material  for  making  many  coal  tar  colors, 
this  line  being  hardly  touched  in  the  United  States,  for  reasons 
noted  above.  Recently  some  new  wax  products  have  been  in- 
troduced ha\dng  pecuHar  dielectric  properties,  and  promise  to 
develop  an  important  field.  These  are  made  from  Naphthalene 
by  a  chlorination  process. 

Anthracene  as  the  basis  for  Alizarine  was  of  great  importance 
at  one  time,  but  is  not  largely  purified  at  present  because  of  the 
low  market  price. 

Although  brilliant  chemists  have  been  studying  tar  products 
for  years,  yet  the  number  of  constituents  and  the  innumerable 
combinations  which  can  be  produced  by  treating  them  with 
other  compounds  leaves  plenty  of  opportunity  for  the  future. 
The  recent  opening  up  of  various  pressure,  electrolytic  and  cat- 
al>i;ic  processes  will  probably  give  us  more  astonishing  products 
from  tar  than  any  yet  secured,  each  success  stimulating  the  world 
of  scientists  to  further  efforts.  That  the  United  States  will 
ultimately  take  a  prominent  position  in  the  industry  is  to  be 
expected  from  the  future  great  supply  of  tar  in  this  country,  and  the 
energy  of  her  students  who  admire  the  success  of  the  German, 
English,  French  and  Swiss  chemists  and  are  determined,  if 
possible,  to  go  one  or  more  steps  further.  Fortunately  there  is 
ample  room  for  all  in  this  fascinating  line  of  work. 


THE  SPONTANEOUS  COMBUSTION  OF  COAL 


By  Horace  C.  Porter  and  F.  K.  Ovitz 
Bureau  of  Mines,  Pittsburgh,  Pa. 

Fires  are  frequently  caused  in  coal  piles,  coal  bins  and  coal 
bunkers  of  ships  by  the  accumulation  of  heat  from  so-called  spon- 
taneous chemical  reactions.  Spontaneous  heating  is  responsible 
for  large  losses  in  stored  fuel.  Even  though  actual  fire  does  not 
occur,  the  deterioration  by  oxidation  rapidly  increases  as  the  coal 
becomes  heated.  The  storage  of  large  quantities  of  coal,  500,000 
tons  and  more,  at  one  point  for  a  period  of  one  year  and  longer, 
is  becoming  a  common  practice,  by  reason  of  the  uncertainties 
of  supply  due  to  strikes  and  transportation  difficulties;  therefore 
the  reduction  of  losses  to  a  minimum  in  such  valuable  quantities 
of  stored  material  is  an  economic  problem  of  importance. 

That  the  self-initiated  action  of  the  air  upon  coal  at  the  ordi- 
nary temperatures  is  sufficient  in  amount  and  in  rate  to  cause, 
under  suitable  physical  conditions,  a  continuous  rise  of  temper- 
ature to  the  burning  point,  most  authorities  are  agreed.  An 
opinion,  however,  is  quite  commonly  held  by  consumers  of  coal 
that  the  coal  substance  itself  is  rarely,  if  ever,  responsible  for  the 
initiation  of  such  heating,  but  that  the  fault  lies  always  in  certain 
impurities,  such  as  iron  pyrites,  fire-clay,  grease,  oil  or  other 
extraneous  matter. 

It  is  the  purpose  of  this  paper  to  show  by  experimental  evidence 
that  the  carbonaceous  material  —  the  coal  substance  proper  — 
through  its  gradual  oxidation,  is  chiefly  responsible  for  the  initial 
development  of  heat  which  results  in  spontaneous  combustion; 
and  that  certain  physical  conditions,  subject  to  control,  are  the  chief 
factors  which  determine  the  continuance  of  the  temperature  rise 
to  the  point  of  ignition  of  the  coal.  It  will  be  shown  that  there 
is  at  ordinary  temperatures  a  reaction  of  coal  substance  with 
oxygen — a  peculiar  reaction,  not  setting  free  an  amount  of  CO2 
equivalent  to  the  oxygen  absorbed;  that  this  reaction,  when  it 
occurs  at  a  somewhat  elevated  temperature,  is  exothermic  in 
character;  and  that  the  action  of  oxygen  on  the  coal  substance 
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itself  is  greater  than  the  action  on  the  sulphur  compounds  occurring 
in  coal,  even  when  the  latter  action  is  promoted  by  the  presence 
of  moisture.  It  will  be  shown  that  at  100°  C.  coal  absorbs  oxygen 
and  develops  heat  while  undergoing  entirely  insufficient  sulphur 
oxidation  or  carbon  oxidation  to  account  for  the  oxygen  absorbed, 
even  though  the  coal  be  moistened  to  promote  the  sulphur 
oxidation. 

There  will  be  shown  further,  by  laboratory  experiments  and 
by  tests  and  observations  on  actual  cases  of  spontaneous  fires 
in  commercial  practice,  the  large  importance  of  physical  condi- 
tions such  as  fineness  of  the  coal,  rate  of  air  supply  to  the  in- 
terior, and  bulk  of  the  mass,  in  determining  whether  the  slowly 
developed  heat  shall  accumulate  or  be  entirely  dissipated. 

First  there  is  to  be  considered  the  cause  of  the  initial  develop- 
ment of  heat.  It  has  been  proven  beyond  any  doubt^  that  freshly 
mined  coal  absorbs  oxygen  rapidly  at  ordinary  temperatures 
without  a  corresponding  formation  of  CO2.  The  rate  of  this 
action  diminishes  rapidly  at  first,  but  after  a  brief  period  becomes 
more  or  less  uniform  and  continues  so  for  a  long  time.  In  certain 
experiments  whose  primary  object  was  the  study  of  the  escape 
of  methane  from  coal,^  it  has  been  found  that  10  kilograms  of  a 
southern  Illinois  coal,  crushed  to  pass  a  one-half  inch  screen, 
exhausted  the  oxygen  (1140  cc.)  from  the  air  of  its  containing 
vessel  in  four  days  or  less  from  the  time  it  was  mined.  Similarly, 
a  coal  from  the  Pittsburgh  bed  (10  kilograms)  absorbed  1080  cc. 
oxygen  from  the  air  of  the  container  in  one  day.  These  coals, 
and  several  others  used  in  similar  experiments,  continued  to 
absorb  oxygen  as  long  as  the  experiments  were  conducted  (5 
to  10  months),  at  a  rate  depending  on  the  partial  pressure  of  the 
oxygen  suppHed.  Carbon  dioxide  was  not  produced  in  quantities 
greater  than  1/10  of  the  oxygen  absorbed,  this  amount  being  doubt- 
less partially  made  up  of  occluded  CO2  escaping  from  the  pores 
of  the  coal.  Analyses  of  the  coal  showed,  also,  that  there  had 
been  a  similarly  disproportionate  oxidation  of  the  sulphur  present. 
Experiments  have  shown^  furthermore  that  coal  subjected  to  a 

iBoudouard.  Comptes  Rendus  148,  284,  and  Bull.  Society  Chimique  de 
Paris,  5  (4),  377. 

Tech.  Paper  2,  Bureau  of  Mines,  Escape  of  Gas  from  Coal. 

^Techn.  Paper  2,  Bureau  of  Mines.    The  Escape  of  Gas  from  Coal. 

^Porter  and  Ovitz.  Jour.  Amer.  Chem.  Soc.  30,  1490.  Archibald  and 
Lawrence.    Jour.  Ind.  &  Eng.  Chem.  4,  258. 
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current  of  dry  air  at  105°  C.  for  two  hours  increases  in  weight 
0.4  to  0.5%  by  absorption  of  oxygen  and  produces  less  than  1/10 
that  amount  of  CO. 2 

Although  the  fact  is  thus  well  established  that  this  oxygen 
absorption  occurs,  there  is  as  yet  no  experimental  data  estabhsh- 
ing  the  rate  of  the  production  of  heat  by  the  reaction  at  ordinary 
temperatures.  On  accelerating  the  action  by  conducting  it  at 
somewhat  elevated  temperatures,  its  exothermic  character  is 
clearly  shown. 

Different  coals,  powdered  to  60  mesh  size  and  dried  in  a  current 
of  CO2,  were  heated  at  140°  C.  and  162°  C.  in  a  current  of  50% 
oxygen.    The  coal  samples  were  15  grams  in  size,  the  oxygen 
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was  dried  and  preheated,  and  the  rate  of  flow  of  oxygen  was  four 
Hters  per  hour.  The  rise  of  temperature  in  the  coal  sample  at  the 
surface  where  the  oxygen  enters  it  is  shown  in  Figure  l,for  several 
different  coals.  That  sufficient  heat  was  developed  under  these 
conditions  to  cause  ignition  in  several  cases  is  evident  from  the 
results.  In  order  to  determine  the  relative  CO2  formation,  a 
test  was  run  on  an  Illinois  coal  (No.  48)  after  drying  in  nitrogen. 
The  coal  ignited  in  the  oxygen  current  with  a  bath  temperature 
of  150°  C.  and  there  was  a  production  of  2.2  ccs.  of  CO2  per  gram 
of  coal,  equal  to  about  1/10  of  the  oxygen  absorbed.  At  the  tem- 
perature used,  therefore,  the  oxygen  consumed  goes  only  in  small 
part  to  burn  carbon  to  CO.2 
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The  influence  of  the  size  of  the  coal  on  the  results  of  this  test 
is  shown  in  Figure  2.  Comparative  tests  were  run  on  60  mesh 
samples  and  on  20-40  mesh  samples,  the  former  size  showing  much 
more  rapid  oxidation  than  the  latter.  In  Figure  3,  the  influence 
of  the  sulphur  content  of  the  coal  on  the  result  of  the  test  is  shown. 
The  Missouri  coal  (No.  209)  containing  3.34%  sulphur,  was  sub- 
jected to  a  floating  treatment  which  separated  it  into  a  lighter 
portion  carrying  2.61%  sulphur  and  a  heavier  portion  carrying 
5.33%.    The  heavier  portion  showed  no  greater  tendency  to 
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develop  heat  in  the  oxidation  test.  It  must  be  noted,  however, 
that  this  test  was  made  upon  dry  coal  and  that  the  oxidation  of 
sulphides  of  iron  at  the  temperature  used  probably  does  not  take 
place  at  all  except  in  the  presence  of  moisture. 

It  is  evident  that  at  140°-160°  C.  there  occurs  a  heat-producing, 
oxygen-absorbing  action  of  oxygen  on  coal,  varying  in  intensity 
with  the  type  of  coal  and  not  consisting  of  the  usual  combustion 
of  carbon  to  form  CO. 2 

Further  experiments,  supplementing  the  above,  were  performed 
on  samples  of  Illinois  coal  at  the  temperature  of  boiling  water. 
One  of  the  samples  was  of  a  coal  containing  over  4%  sulphur, 
and  an  endeavor  was  made  to  show  the  relative  ease  of  oxidation 
of  the  carbonaceous  material  and  of  the  sulphur-bearing  material 
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at  this  temperature.  After  drying  15  grams  of  60  mesh  coal  in 
a  partial  vacuum  at  98°-99°,  a  current  of  60%  oxygen  was  passed 
over  the  coal  at  the  rate  of  4  liters  per  hour.  In  a  parallel  ex- 
periment the  coal  was  moistened  with  15-20%  water  and  kept 
moist  during  the  test  by  saturating  the  oxygen  current  with 
moisture  at  80°-90°C.    The  results  were  as  follows: 

1.  Coal  No.  23  (Saline  Co.,  111.);  total  S,  1.52%  (on  air-dried 
coal);  sulphur  in  form  of  sulphate,  .018%;  sample  in 
size  had  been  kept  four  years  in  the  laboratory,  submerged  under 
water,  (a)  Dried  coal  in  current  of  oxygen  gave  a  rise  of  temper- 
ature of  3.0°  above  the  bath;  absorbed  93  cc.  of  oxygen  in  one 
hour;  produced  3.9  cc.  CO2;  and  no  increase  of  sulphur  as 
sulphate.  (5)  Wet  coal  in  a  current  of  oxygen  gave  an  oxidation 
of  .0024  grams  sulphur  to  sulphate,  equivalent  to  the  absorption 
of  3  cc.  of  oxygen. 

2.  Coal  No.  13451  (Vermilion  Co.,  111.);  total  sulphur  4.38% 
(on  air-dried  coal),  sulphur  as  sulphate  .098%;  sample  used  had 
been  mined  four  months  and  kept  (without  pulverizing)  in  a 
closed  can  during  that  period,  (a)  Dried  coal,  in  oxygen  current, 
gave  a  rise  of  1.5°  C.  absorbed  110  cc.  oxygen  in  one  hour,  pro- 
duced 6.2  cc.  CO2  and  no  increase  of  oxidized  sulphur.  (6)  Wet 
coal  in  the  oxygen  current  gave  an  oxidation  of  .003  grams  sulphur 
to  sulphate,  equivalent  to  the  absorption  of  4.0  cc.  oxygen. 

3.  Mixture  of  two  parts  coal  No.  137  (sulphur  parting  from  Sun 
mine,  Fayette  Co.,  W.  Va.,  33.2  per  cent  sulphur),  and  one  part 
coal  No.  13,451  (Vermilion  Co.,  111.),  containing  in  the  moisture 
approximately  43.3  per  cent  pyrite  and  42.9  per  cent  carbona- 
ceous material ;  sulphur  as  sulphate  in  the  mixture,  0.502  per  cent, 
(a)  Dried  coal,  in  oxygen  current,  gave  a  rise  of  1.0°C.;  absorbed 
69  cc.  oxygen  in  1  hour,  produced  3.5  cc.  CO2,  and  no  increase 
in  oxidized  sulphur.  (6)  Wet  coal  in  the  oxygen  current  gave  an 
oxidation  of  .068  per  cent  sulphur  to  sulphate  or  .0102  gram, 
equivalent  to  the  absorption  of  14  cc.  oxygen.  In  this  experi- 
ment nearly  equal  quantities  of  FeS2  and  organic  material  were 
present,  and  the  oxidation  of  the  latter  in  the  dry  condition  was 
almost  five  times  that  of  the  pyrites  when  wet  (the  pyrites 
oxidation  being  practically  nothing  when  dry). 
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It  is  shown  by  these  experiments  that  at  100°  C.  the  attack  of 
oxygen  on  the  carbonaceous  material  of  coal  is  fully  as  rapid  as 
it  is  upon  the  sulphur-bearing  material,  weight  for  weight.  As 
to  which  action  is  more  rapid,  however,  at  ordinary  temperature, 
these  experiments  offer  no  conclusive  evidence  nor  do  they  show 
the  comparative  quantities  of  heat  developed  in  the  two  actions. 

An  experiment  reported  by  Parr  and  Kressmann^  shows  in- 
directly a  relationship  between  the  quantities  of  heat  developed 
by  oxidation  of  the  coal  substance  proper  and  by  oxidation  of 
the  sulphur.  A  40-lb.  sample  of  Illinois  coal  (1.35%  sulphur) 
crushed  and  sized  between  f  and  J''  was  thoroughly  wet 
down  and  placed  in  ovens  for  successive  periods  of  three  days 
each  at  60°,  80°  and  115°  C.  At  the  end  of  the  heating  the  coal 
had  dried  out  and  its  temperature  had  risen  21°  C.  above  that  of 
the  oven.  There  was  an  increase  in  the  percentage  of  sulphate 
sulphur  from  .0189%  to  .0317%,  or  .0128%,  corresponding  to  an 
oxidation  of  4.26  grams  of  FeS2  with  a  calculated  heat  produc- 
tion of  11.4  large  calories.  The  total  heat  production  correspond- 
ing to  21°  rise  of  temperature  in  the  coal,  disregarding  the  warming 
and  evaporating  of  moisture  and  assuming  the  specific  heat  of 
coal  as  .25,  was  (18.12x0.25)x21  =95  large  calories,  more  than 
eight  times  that  due  to  sulphur  oxidation. 

The  same  authors  report  other  tests  on  coal  more  finely  powdered, 
in  which  a  much  larger  amount  of  sulphur  oxidation  occurred. 
There  resulted  in  that  case  a  much  greater  rise  of  temperature 
and,  therefore,  a  larger  heat  production,  which  at  first  glance 
appears  to  be  in  a  large  measure  accounted  for  by  the  sulphur 
oxidation.  But,  on  account  of  the  slow  drying  of  the  finely  pow- 
dered coal,  the  heat  developed  was  probably  utilized  to  a  large 
extent  for  evaporating  moisture,  and  its  true  amount  cannot,  there- 
fore, be  accurately  estimated  for  comparison  with  the  calculated 
heat  of  sulphur  oxidation.  Other  tests  by  the  same  experimenters 
indicated  a  greater  heat  increment  in  coal  containing  5.0%  FeS2 
than  that  in  the  same  coal  with  1.65%  FeS2.  On  the  other  hand, 
coal  with  3.0%  FeS2  gave  still  greater  heat  production  than  that 
with  5.0%.  The  authors  themselves  state  that  in  their  experi- 
ments the  thermometer  did  not  always  indicate  the  maximum 

iBuU.  46,  Univ.  of  111.,  Eng.  Exp't  Sta.,  pages  25  and  31. 
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temperature  rise  in  the  coal,  and  that  in  the  tests  on  wet  coal 
the  amount  of  water  varied  somewhat,  thus  affecting  the  time 
of  drying  and  the  rise  of  temperature  in  a  given  time.  It  appears, 
therefore,  that  the  experimental  evidence  at  hand  is  not  suffi- 
cient to  establish  any  positive  effect  of  sulphur  on  spontaneous 
heating. 

Evidence  is  at  hand  which  shows  less  oxidation  at  ordinary 
temperatures  in  the  iron  pyrites  (FeS2)  of  coal  than  in  the  coal 
substance  proper.  A  sample  of  12  kilograms  of  a  Southern  Illi- 
nois coal  (No.  49),  under  size  and  not  dried,  was  kept  in  a 
bottle  for  five  months  in  a  slow  current  of  oxygen,  about  J 
liter  of  95%  oxygen  being  admitted  to  the  bottle  every  day. 
The  coal  absorbed  during  this  five  months'  period  about  500 
cc.  pure  oxygen  per  100  grams.  The  moisture  content  of  the  coal 
was  3.86%  and  the  sulphur  1.46%.  After  standing  2 J  years 
longer  in  the  stoppered  bottle,  the  sulphur  present  in  the  oxidized 
condition  was  determined  and  found  to  be  .035%.  Assuming  that 
no  oxidized  sulphur  was  present  in  the  coal  as  mined,  this  is 
equivalent  to  an  oxygen  absorption  of  about  50  cc.  per  100  grams 
of  coal,  or  one-tenth  of  the  total  oxygen  absorption  which  had  oc- 
curred in  the  first  five  months.  This  amount  is  probably  about 
double  the  true  figure,  since  on  the  basis  of  analyses  of  other  coals 
from  the  same  region  the  coal  probably  contained  about  .018% 
oxidized  sulphur  when  mined. 

Somermeier^  determined  the  amount  of  oxidized  sulphur  in 
several  samples  of  "high  sulphur"  coals  after  standing  IJ  years 
at  ordinary  temperature  in  the  moist  condition  as  received  from 
the  mines.  He  found  in  samples  kept  in  closed  bottles,  a  maxi- 
mum of  0.47%  oxidized  sulphur  and  in  one  sample  kept  in  an 
open  sack  0.37%.  This  is  probably  about  1/10  of  the  amount 
of  total  sulphur  present  (the  exact  amount  of  total  sulphur, 
however,  not  being  stated). 

A  number  of  samples  of  weathered  coal  collected  from  outdoor 
coal  piles  after  six  months'  to  one  year's  storage,  and  in  some 
cases  after  spontaneous  heating  had  occurred  in  the  coal,  have 
shown  on  analysis  not  over  1/10  of  the  total  sulphur  to  be  in  the 
oxidized  condition. 

>Jour.  Amer.  Chem.  Soc,  26  (1904),  p.  764 
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A  sample  of  25  grams  of  a  high  sulphur  Illinois  coal  (No.  13451, 
Vermihon  Co.,  111.),  4.38%  S,  powdered  to  60  mesh,  was  moistened 
with  25%  water  and  kept  under  25  atmospheres  oxygen  pressure 
at  room  temperature  for  six  days.  The  water  soluble  sulphur 
was  increased  by  0.10%  (.025  gram),  .05  gram  of  carbon  dioxide 
was  produced,  and  no  sulphur  dioxide. 

The  fact  cannot  be  questioned  that  iron  pyrites,  as  it  occurs 
in  coal,  oxidizes  in  moist  air  forming  FeS4  and  H2SO4  and  develop- 
ing heat.  This  action  is  known  to  proceed  in  practically  all  coal 
exposed  to  the  weather.  Pure  pyrites,  also,  may  develop  heat 
faster  than  does  coal,  weight  for  weight.  But,  when  compared 
on  the  basis  of  the  coal  as  mined,  the  oxidation  of  the  pyrites 
present  is  less  than  the  oxidation  of  the  coal  substance  itself, 
and  the  conclusion  appears  to  be  justified  that  oxidation  of  the 
carbonaceous  material  is  the  chief  factor  in  starting  the  initial 
heating  which  results  in  spontaneous  fires. 

Pyrites  is  doubtless  in  many  cases  a  contributory  cause.  When 
it  occurs  in  moist,  finely  divided  condition,  there  may  be  a  pocket 
of  highly  pyritic  material  which  will  act  as  an  ' ^igniter' ^  to  the 
coal,  by  raising  the  temperature  just  enough  to  give  a  stimulus 
to  the  coal  oxidation.  Pyrites  also  has  a  mechanical  effect  in 
causing,  by  its  weathering,  a  cleavage  of  lumps  of  coal  whereby 
fresh  surfaces  are  exposed.  It  must  be  remembered  that  pyrites 
requires  moisture  for  its  oxidation — theoretically,  15%  of  its  own 
weight — and  that  a  large  proportion  of  the  heat  of  oxidation  is 
consumed  in  warming  and  evaporating  the  excess  moisture  present. 

The  "igniter"  action  of  pyrites  pockets  appears  to  be  a  real 
element  of  danger  from  sulphur  in  stored  coal,  but  a  minor  one 
as  compared  to  the  oxidation  of  the  coal  substance.  The  lumps 
of  massive  pyrites — the  so-called  sulphur  balls  of  the  miner — are 
not  dangerous,  since  they  oxidized  very  slowly  and  only  on  the 
surface,  the  heat  thus  developed  being  diffused  through  the  com- 
paratively large  mass  of  the  lumps.  Porous  pockets  of  wet,  finely- 
divided  pyrites  are  more  likely  to  cause  heating.  But,  in  any 
case,  as  stated  above,  the  amount  of  preliminary  heating  caused 
by  pyrites  is  greatly  lessened  by  the  cooling  effect  of  the  moisture 
necessarily  present.  The  continual  accumulation  of  heat  from  the 
oxidation  of  the  finely  divided  coal  itself  is  the  principal  element 
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of  danger.  Temperature  measurements  in  coal  piles, — examples 
of  which  are  given  later  in  this  paper — show  that  the  initial  moder- 
ate heating  is  in  most  cases  evenly  distributed  through  a  large 
area  and  does  not  occur  in  pockets.  The  subsequent  develop- 
ment of  high  temperature  and  ignition  does,  however,  take  place 
frequently  in  pockets  owing  to  irregular  conditions  of  air  supply. 

The  increase  of  temperature  in  stored  coal  beyond  the  prelimi- 
nary stage  depends  on  certain  physical  conditions. 

In  the  first  place,  temperature  is  a  large  factor.  The  rate  of 
oxidation  increases  with  rise  of  temperature  and  the  increase 
is  much  greater  than  a  hnear  function.  The  curve,  in  fact,  as 
shown  in  Figure  4a  approximates  the  form  of  a  parabola.  This 
curve  is  based  on  the  data  of  experiments  in  which  a  measured 
volume  of  dry  air  was  passed  at  a  fixed  rate  over  powdered,  sized, 
dried  coal  in  an  electrically  heated  tube  whose  temperature  was 
carefully  controlled.  The  absorption  of  oxygen  was  determined 
by  calculation  from  the  initial  and  final  analyses  of  the  air  used 
in  the  experiment.  Five  grams  of  coal  (No.  48,  Franklin  Co., 
111.),  80-100  mesh  size,  were  used  in  each  test,  the  duration  of 
the  test  being  one  hour.  Carbon  dioxide  was  produced  in  these 
tests  in  amount  not  exceeding  1/10  of  the  oxygen  absorbed. 
It  may  readily  be  seen  that  if  coal  is  given  a  slight  preliminary 
heating  from  an  external  source,  its  oxidation  will  be  greatly 
accelerated.  Storing  coal  in  warm  places,  next  to  furnace  walls, 
over  boilers,  near  steam  pipes  or  waste  heat  flues,  greatly  increases 
the  liability  to  spontaneous  combustion. 

The  second  large  factor  to  be  considered  is  dust  or  fine  coal. 
Since  the  action  of  a  gaseous  substance  on  a  solid  is  proportional 
to  the  extent  of  their  surfaces  in  contact  and  since  the  exposed 
surface  in  a  given  mass  is  proportional  to  the  fineness  of  division, 
it  follows  that  the  finer  the  coal  the  greater  will  be  the  amount 
of  oxidation  and  the  rate  of  heating  in  a  given  mass.  Coals  differ 
widely  in  friability.  Figure  5  shows  the  results  of  some  compar- 
ative breakage  tests  made  on  lump  coals  to  bring  out  this  point. 
A  50-lb.  sample  of  screened  lump  (over  2  inches)  was  dropped 
four  times  from  a  height  of  six  feet  and  the  coal  then  sized  by 
screening  into  three  portions,  0'-|'',  and  |'-2"  The 
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shown  and  the  wide  variation  between  different  coal  types.  It 
is  found  in  practice  that  dust  and  fine  coal,  when  mixed  with 
some  larger  coal,  adds  greatly  to  the  danger  of  spontaneous 
heating.  A  single  instance  from  commercial  practice  will  serve 
to  illustrate  this.  The  Calumet  &  Hecla  Mining  Co.  has  three 
large  coal  storage  piles  of  125,000  to  200,000  tons  each,  in  which 
they  store  lump  coal  passed  over  a  If'  bar  screen  just  before 
placing  on  the  piles.  No  spontaneous  fires  have  occurred  since 
they  began  this  practice,  although  several  fires  had  been  experienced 
in  the  same  kind  of  coal  before  that  time. 

In  the  third  place,  the  rate  of  oxidation  of  coal  is  a  function 
of  the  partial  pressure  of  oxygen  present  and,  therefore,  of  the 
rate  of  flow  of  air.  Experimental  results  indicating  this  are  shown 
in  Figure  45.  The  amount  of  air  admitted  to  the  interior  of  a  coal 
pile  influences  in  large  measure  the  heat  development.  If  the 
admission  of  air  to  the  pile  is  restricted  by  piling  only  uniformly 
fine  coal  or  by  banking  up  the  sides  with  tight  bulkheads,  the 
accumulation  of  heat  soon  becomes  so  slow  as  to  be  balanced  by 
the  losses  from  radiation  and  convection.  The  percentage  oxygen 
in  the  air  becomes  reduced  to  a  point  where  its  action  on  the  coal 
is  very  slow. 

Some  observations  made  on  a  large  commercial  stock  pile 
illustrate  these  points  (Figure  6).  The  chart  shows  temperatures 
at  different  depths  in  the  pile  and  the  composition  of  air  samples 
withdrawn  from  corresponding  depths.  Where  the  coal  is  warm 
the  oxygen  in  the  air  is  below  normal  and  in  some  such  places 
(as  at  E,  Figure  6)  the  oxygen  is  very  low,  although  the  coal  is 
only  slightly  heated.  The  coal  at  point  E  was  fine  and  contained 
very  few  lumps,  so  that  the  penetration  of  air  was  restricted. 
At  D,  Figure  6,  on  the  other  hand,  there  was  evidently  a  strong 
draft  of  air  from  below  causing  a  pocket  of  fire  at  20-23  feet  depth. 
The  observations  at  points  A  and  C  illustrate  the  uniformity  of 
heating  throughout  a  large  mass  in  the  early  stages  of  heat  develop- 
ment. 

Cases  are  known  in  commercial  practice  where  it  was  found 
that  a  large  pile  of  uniformly  fine  slack  coal  gave  only  slight 
preliminary  heating  and  no  serious  fires,  while  the  same  coal 
when  stocked  as  run-of-mine  with  a  large  percentage  of  fine,  gave 
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very  serious  trouble  with  fires.  When  the  amount  of  air  supply 
will  support  oxidation  at  a  rate  sufficient  to  counterbalance  the 
heat  carried  away  by  the  air  and  by  other  losses,  there  will  result 
a  gradual  and  continuous  rise  in  temperature. 

The  fourth  factor  to  be  mentioned  as  influencing  the  develop- 
ment of  heat  is  the  degree  of  freshness  of  the  coal  surfaces.  Freshly 
mined  coal  is  knoT^m  to  absorb  oxygen  with  greater  avidity  than 
coal  which  has  been  exposed  for  some  time.  Figure  4c  gives  ex- 
perimental results  showing  the  oxygen  absorbed  by  the  same  coal 
sample  in  three  successive  treatments  with  a  current  of  air  at 
140°  C.  The  marked  reduction  in  oxygen  absorbed  after  the  first 
treatment  is  evident.  In  practice  it  is  found  that  freshly  mined 
or  freshly  broken  coal,  when  stored  without  a  preliminary  period 
of  seasoning,"  gives  serious  trouble  from  heating.  Also,  if  coal 
is  rehandled  after  six  weeks  or  two  months  and  thus  thoroughly 
cooled,  it  rarely  heats  again  spontaneously. 

Some  coals  by  their  chemical  nature  are  more  liable  than  others 
to  spontaneous  heating,  but  any  bituminous  coal  will  heat  if  the 
storing  conditions  are  such  as  favor  heating.  Large  piles  (roughly 
more  than  12  feet  in  depth)  involve  danger,  since  the  possibility 
of  dissipation  of  the  accumulating  heat  becomes  less  as  the  bulk 
increases.  Either  screened  lump  coal  or  a  uniformly  fine  slack  is 
safer  for  storing  than  run-of-mine.  Friability  in  coal  is  a  very 
undesirable  quality.  Pyrites  may  contribute  largely  in  some  cases 
to  spontaneous  heating  if  it  occurs  in  moist,  finely  divided  condi- 
tion, more  or  less  accumulated  in  pockets.  It  is  probably,  however, 
in  most  cases  a  minor  factor. 


A  NEW  METHOD  OF  IGNITION  FOR  BOMB  CALORI- 
METERS WITH  SPECIAL  REFERENCE 
TO  COAL  CALORIMETRY 

By  Victor  H.  M.  Roehrich 
Municipal  Testing  Laboratories,  St.  Paul,  Minnesota 

For  careful  work  the  bomb  calorimeter  is  usually  given  the 
preference  in  coal  testing  but  it  is  desirable  to  have  it  arranged 
as  conveniently  as  possible  for  technical  use.  An  improvement 
that  helps  to  simplify  the  work  is  the  use  of  a  platinum  fuse  wire. 
This  does  away  with  the  correction  for  heat  of  combustion 
necessary  with  iron  wire.  Furthermore,  as  arranged  in  my  design 
the  same  wire  is  used  repeatedly  and  remains  attached  to  the  com- 
bustion pan.  Its  free  end  need  only  be  slipped  into  the  hook  pro- 
vided for  that  purpose,  whereupon  it  is  ready  for  use.  The  Emerson 
Calorimeter  uses  a  fine  platinum  fuse  wire  but  this  melts  in  the 
first  determination.  Furthermore,  as  the  makers  state,  it  cannot 
be  used  in  standardizing,  as  with  benzoic  acid,  etc.^  The  pur- 
pose of  the  present  paper  is  to  show  how  these  objections  have 
been  obviated. 

Tests  were  made  to  determine  whether  a  coarser  wire  could  be 
used  so  as  to  make  it  possible  to  employ  the  same  wire  repeatedly, 
but  it  was  found  that  even  a  No.  16  platinum  wire,  used  as  a 
supporting  terminal,  melted  if  placed  over  the  burning  coal. 
The  next  step  was  to  place  the  fuse  (F)  off  to  one  side  in  a  channel 
(C)  communicating  with  the  body  of  the  platinum  pan  (P). 
See  figure.  The  fuse  is  a  two  cm.  piece  of  No.  28  platinum  wire; 
however,  only  about  one  cm.  of  it  carries  current.  One  end  is 
fastened  through  two  holes  in  the  pan  (h)  and  (h^).  The  other 
end  is  bent  to  slip  into  the  platinum  hook  (H)  of  No.  16  wire 
which  forms  one  of  the  electric  terminals.  The  current  passes 
from  (H)  through  the  fuse  and  pan  and  to  a  ring-shaped  pan 
support  forming  the  other  terminal.  The  current  is  taken  from 
a  six-volt  storage  battery  and  a  resistance  of  75  inches  of  No. 

'Pamphlet  Emerson  Apparatus  Co.,  Boston,  1909. 
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18  iron  wire  is  interposed  in  series  with  the  fuse.    Contact  is  ; 

made  by  a  spring  key.    The  current  is  left  on  just  long  enough  j 

to  heat  the  fuse  red  hot,  which  can  be  determined  by  trial.   We  i 

have  found  two  seconds  to  be  the  proper  time.    Each  contact  ; 

introduces  sufficient  heat  to  raise  the  temperature  from  .0027  ^ 

to  .0034°  C.  (obtained  by  making  ten  contacts  in  succession).  j 

This  means  a  total  of  about  seven  calories  with  a  probable  varia-  ' 

tion  or  error  of  two  calories  in  each  determination,  which  is  close  ' 

enough  for  almost  any  calorimetric  work.  ! 

Bituminous  coals  are  easily  ignited,  a  little  of  the  coal  being  | 

placed  in  the  channel  to  cover  the  coil  of  the  fuse  wire  and  carry  1 

i 
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the  flame  to  the  body  of  the  pan.  Anthracite  coals  can  also  be 
successfully  run,  but  in  this  case  the  pan  is  lined  with  a  paste  of 
asbestos  moistened  with  ether  and  alcohol,  which  is  dried  and 
ignited  and  weighed.  This  is  a  satisfactory  method  of  applying 
the  asbestos  to  insulate  the  anthracite  and  insure  complete  com- 
bustion.^ 

As  previously  stated,  a  platinum  fuse  wire  is  not  suitable  for 
standardizing.  This  is  because  the  naphthalene  or  benzoic  acid 
melt  and  volatiHze  and  run  off  the  fuse  before  it  is  red  hot,  at 
the  same  time  retarding  the  heating  of  the  wire  by  their  heat 
absorption.  Standardization  may  be  accomplished  by  igniting 
the  standard  material  with  iron  wire  and  then  adding  to  the  ob- 
served rise  in  temperature  .003°  C.  or  the  rise  due  to  the  platinum 
fuse  so  as  to  allow  for  this  rise  in  the  regular  determination  where 
the  platinum  fuse  is  used.  Of  course  the  rise  due  to  one  contact 
through  the  platinum  fuse  must  be  determined  for  each  individual 
calorimeter. 

It  has  been  found ,  however,  that  by  covering  the  platinum 
fuse  wire  with  asbestos  containing  a  little  powdered  benzoic  acid 
or  naphthalene,  ignition  readily  occurs,  first  because  the  fuse  is 
not  cooled  as  much  as  if  in  the  pure  melted  substance,  and  second 
because  the  material  is  prevented  from  running  off  of  the  fuse 
before  ignition  takes  place  The  procedure  is  to  fill  the  channel 
in  the  fuel  pan  with  about  10  mg.  asbestos,  so  as  to  cover  the  coil 
of  the  fuse  wire.  Ignite,  weigh  the  pan  and  asbestos  and  pour 
in  the  naphthalene  or  benzoic  acid  which  has  been  barely  melted 
in  a  small  platinum  crucible.  Avoid  allowing  the  melt  to  run  into 
the  asbestos.  The  nearly  soUdified  material  is  drawn  up  to  almost 
touch  the  asbestos  by  means  of  a  platinum  wire.  Now  a  small 
amount  of  pulverized  napthalene  or  benzoic  acid  is  mixed  with 
the  asbestos  in  the  channel  by  means  of  a  pointed  spatula,  being 
careful  not  to  remove  any  asbestos  from  the  pan.  Cool  in  a  desic- 
cator and  weigh,  getting  the  weight  of  substance  to  be  burnt. 
By  melting  the  material  and  pouring  into  the  pan,  the  use  of  a 
pellet  press  is  avoided,  but  if  desired  a  pellet  of  the  material  to 
be  burnt  may  be  laid  next  to  the  mixture  of  asbestos  with  pul- 
verized substance. 

'A.  G.  Blakeiy  and  E.  M.  Chance  have  recommended  the  use  of  asbestos,  J. 
Ind.  Eng.  Chem.  S,  557,  1911. 
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The  corrected  water  equivalent  of  our  calorimeter  run  with 
iron  wire  and  with  correction  for  use  of  platinum  fuse  was  2357.3 
Cal.  based  on  a  number  of  tests.  Two  tests  were  now  run  using 
the  platinum  and  asbestos.  The  one  with  standard  napthalene 
gave  2355  and  the  second  with  standard  benzoic  acid  gave  2356. 

Oils  can  also  be  ignited  by  weighing  into  the  pan  and  then 
adding  a  suitable  amount  of  ignited  asbestos  to  cover  the  fuse, 
mixing  a  little  oil  with  it  by  means  of  a  short  platinum  wire  which 
is  left  lying  at  the  side  of  the  channel  during  combustion  to  burn 
off  the  oil  adhering. 

There  seems  a  possibility  that  the  proposed  design  of  pan  and 
fuse  can  also  be  used  in  general  in  more  scientific  calorimetric 
work  using  asbestos  around  the  fuse  for  liquid  or  easily  melted 
substances.  It  has  the  advantage  of  greater  simplicity  and  does 
away  with  the  deterioration  of  the  platinum  that  results  if  iron 
wire  is  used. 


ON  THE  FORMATION  OF  ALDEHYDES  BY 
OXIDATION  OF  MINERAL  OILS 


By  Ferd.  Schulz 
Bohemian  Polytechnical  High  School,  Prague,  Bohemia 

The  oxidation  of  mineral  oils  has  been  the  subject  of  repeated 
studies.  The  chief  investigations,  due  to  Pouchet,  Gill  a.  Memel, 
WilUgk,  Hausmann  a.  Pilat,  Charitschkoff  concerned  the  for- 
mation of  acids  and  aromatic  hydrocarbons.  In  this  preliminary 
notice  I  will  call  attention  to  a  new  method,  by  means  of  which 
both  the  liquid  mineral  oils  and  the  solid  paraffin  can  be  easily 
oxidized,  aldehydes  being  the  chief  product  of  the  reaction. 

The  mode  of  procedure  is  as  follows.  A  tubulated  glass  retort 
is  filled  with  melted  paraffin  and  the  tubulus  is  connected  with  a 
series  of  Drechsel's  washing  bottles  by  means  of  a  T  tube,  through 
which  a  thermometer  is  inserted,  dipping  into  the  liquid.  After 
the  paraffin  has  been  heated  to  290-300  degrees  centigrade  (ther- 
mometer in  liquid)  a  rapid  current  of  air  is  drawn  through  the 
apparatus  by  a  water  air  pump.  The  reaction  immediately  be- 
gins with  a  rather  violent  explosion,  the  vapours  of  paraffin  take 
fire  and  burn  during  some  seconds  within  the  retort,  whereupon 
a  thick  white  smoke  passes  through  the  washing  bottles. 

The  operation  can  be  then  carried  on  during  many  hours  with- 
out any  danger  of  explosion,  if  only  the  liquid  is  kept  always 
simmering  gently  at  290-300  d.  centigrade  and  care  is  taken  for 
a  sufficient  strong  current  of  air.  Through  the  neck  of  the  retort 
a  small  quantity  of  paraffin  is  distilling,  while  the  largest  part  of 
the  vapours  is  drawn  by  the  current  of  air  and  yields  a  white 
smoke,  possessing  a  pungent,  irritating  smell. 

The  paraffin  becomes  yellow,  then  brown  and  black;  after  the 
whole  content  of  the  retort  has  been  oxidized,  there  remains  about 
3%  asphalt  of  a  very  high  melting  point. 

When  filling  the  washing  bottles  with  water,  we  obtain  the 
following  products: 

1.  A  semi-solid  yellow  mass  of  crystals,  which  after  squeezing 
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out  the  adherent  Uquid  and  washing  with  a  mixture  of  alcohol 
and  ether,  yields  white,  odourless  scales,  probably  the  unaltered 
paraffin.  The  oil,  which  has  been  drawn  off,  has  a  suffocating 
smell  and  shows  the  spec,  gravity  0,868  at  15  d.  C.  and  the  vis- 
cosity 1.2°  Engler;  it  begins  to  distill  at  152  d.  C.  and  52%  passed 
over  between  152  and  300  d.  C. 

A  large  part  of  the  oil  dissolves  in  a  solution  of  hydrogen  sul- 
phite of  sodium,  and  it  shows  the  general  characteristic  of  alde- 
hydes on  examination  with  Schiff's  reagent,  Fehling's  solution  and 
alkaline  silver  solution.  On  addition  of  phenylhydrazine  the  oil 
becomes  warm,  and  a  red  precipitate  is  thrown  down,  not  soluble 
in  ether.  A  dilute  solution  of  caustic  soda  takes  up  a  small 
quantity  of  acids,  which  have  the  unpleasant  smell  of  petrolacids 
and  show  the  Charitschkoff's  reaction  with  copper  sulphate  and 
benzine. 

2.  The  wash-waters,  possessing  a  very  irritating  smell,  which 
resembles  one  at  the  same  time  of  acrolein  and  formic  aldehyde, 
showed  a  very  strong  reaction  with  alkaline  silver  solution  and 
the  reagents  of  Schiff,  Schryver  and  Ganassini.  On  saturation 
with  sodium  chloride  the  water  was  distilled,  till  10%  of  it  passed 
over,  and  the  distillate  obtained,  saturated  with  sodium  sulphate 
after  calcium  carbonate  was  added  to  neutralise  the  acids,  was 
submitted  to  a  new  distillation  from  a  water-bath. 

A  colourless,  mobile  liquid  passed  over  between  60  and  83°  C.  and 
was  separated  by  fractional  distillation  into  chief  fractions,  boiling 
between  39-46°  C;  46-52°  C;  52-65°  C;  65-83°  C. 

In  identification  of  individual  substances  I  encountered  consid- 
erable difficulties,  very  few  definite  compounds  of  the  fatty 
aldehydes  being  on  record.  This  phase  of  the  investigation  is 
to  be  prosecuted  further. 

3.  The  gases,  passing  through  the  washing  bottles,  were  ex- 
amined in  a  gas  burette,  and  the  following  composition  was  found 
at  different  phases  of  the  procedure: 

Carbon  dioxide  0,2-0,4% 
Heavy  hydrocarbons  0,0-2,1% 
Oxygen  9,0-17,1% 
Carbon  monoxide  0,3-5,0% 
Light  hydrocarbons  (calculated  as  methane)  1,2-4,2% 
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My  further  investigations  proved  that  the  lubricating  oils, 
produced  from  Boryslav-oil,  can  be  oxidized  in  the  same  manner. 

Conclusion:  The  vapours  of  solid  paraffin  or  lubricating  oil, 
produced  from  the  Boryslav-oil,  when  oxidized  by  a  current  of 
air,  yield  chiefly  aldehydes,  carbon  monoxide  and  a  small  quantity 
of  acids. 


DE  L' ALTERATION  DES   POUSSIERES   DE  HOUILLE 
EXPOSEES  A  L'AIR 

Par  M.  Taffanel 
Diredeur  de  la  Station  D'Essais  de  Lievin.    Pas  de  Calais,  France 

L'alteration  de  la  houille  exposee  a  Fair  a  deja  fait  Fobjet 
de  nombreuses  etudes;  on  coimait  notamment  les  remarquables 
travaux  de  H.  Fayol,  qui  datent  d'une  trentaine  d'aimees,  mais 
sont  tou jours  consult es  avec  fruit  par  ceux  qui  s'interessent  a 
cette  question. 

Mais  Fayol  et  les  auteurs  qui  Pont  suivi  ont  eu  surtout  en  vue 
le  probleme  de  l'alteration  des  houilles  en  stock,  de  leur  deprecia- 
tion comme  combustible,  de  la  diminution  de  leur  aptitude  a 
donner  du  coke  de  bonne  qualite;  ou  bien  ils  ont  envisage  cette 
dangereuse  propriete  qu'ont  certaines  houilles  de  s'echauffer  en 
plein  massif  et  de  donner  naissance  a  des  feux  souterrains. 

La  station  d'essais  de  Lievin  a  repris  la  question  a  un  point 
de  vue  different.  Du  moment  que  les  houilles  sont  capables,  dans 
certaines  conditions,  de  s'alterer  sous  les  influences  atmospher- 
iques,  n'en  peut-il  etre  de  meme  des  poussieres  charbonneuses 
qui  tapissent  les  galeries  de  mine?  II  est  vrai  que  la  poussiere, 
dispersee  sur  le  sol  et  les  parois,  ne  saurait  subir  cet  echauffe- 
ment  qui  favorise  l'alteration  au  sein  d'un  tas  ou  d'un  massif; 
mais  d' autre  part  la  grande  finesse  des  grains  de  poussiere  a  pour 
effet  de  consider ablement  augmenter  les  surfaces  sur  lesquelles 
I'air  exerce  son  action. 

Si  les  poussieres  des  mines  subissent  reellement  une  alteration 
sensible,  une  importante  question  se  pose.  A  la  Station  d'essais  de 
Lievin  et  dans  les  sieges  d'exp^riences  des  autres  pays,  Pittsburg. 
Bruceton,  Altofts,  Frameries,  Gelsenkirchen,  Rossitz,  on  ^tudie 
lesrisques  d'explosion  des  poussieres  de  houille  et  les  moyens  d'em- 
pecher  le  retour  des  trop  frequentes  catastrophes  qui  devastent 
les  exploitations  minieres;  les  grandes  quantites  de  poussieres 
n^cessaires  pour  les  experiences  sont  obtenues  par  broyage  de 
charbon  relativement  frais.    Ces  poussieres  artificielles  ne  sub- 
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issent  Taction  de  Fair  que  pendant  un  petit  nombre  de  jours,  I 

tandis  que  les  poussieres  de  la  mine  sont  exposees  parfois  pendant  | 

des  mois,  ou  meme  des  ann^es,  aux  influences  atmospheriques.  i 

L'alteration  agit-elle  sur  les  proprietes  dont  depend  le  degre  ; 

d'inflammabilite?     Aggrave-t-elle   ou  attenue-t-elle  le   danger  i 

d'inflammation?   Les  conclusions  tiroes  de  I'etude  des  poussieres  , 

artificielles  tendent-elles  a  exagerer  le  danger,  et  dans  quelle  j 

mesure,  ou  au  contraire,  ce  qui  serait  plus  grave,  risquent-elles  : 

de  doner  I'illusion  d'une  securite  trompeuse?  < 

De  la  solution  de  ces  questions  depend  le  degre  de  confiance  que  ! 

Ton  doit  accorder  aux  mesures  preventives  prescrites,  a  la  suite  i 

des  essais  en  galerie,  pour  la  prevention  des  catastrophes  minieres.  ] 

Le  probleme  presente  done  un  interet  capital  au  point  de  vue  de  j 

la  securite  dans  les  mines.   En  meme  temps  les  recherches  entre-  < 

prises  pour  le  resoudre  apportent  des  renseignement  nouveaux  j 

et  interessants  au  point  de  vue  de  I'etude  des  combustibles.  j 

L'alteration  des  poussieres  de  houille  a  ete  etudiee  a  la  Station  j 

d'essais  de  Lievin  par  diverses  methodes  dont  il  convient  de  dire  j 

quelques  mots  avant  de  passer  a  I'expose  des  resultats.  | 

On  y  observe,  comme  Fayol  en  1875,  les  variations  de  poids  | 

par  exposition  a  I'air  k  la  temperature  ordinaire,  et  aussi,  pour  \ 

quelques  essais  de  comparaison,  a  des  temperatures  plus  elevees.  i 

Puis,  pour  distinguer  les  diverses  causes  d' augmentation  et  I 

diminution  de  poids,  qui,  en  se  combinant,  donnent  comme  re-  i 

sultante  la  loi  de  variation  de  poids  observee,  on  a  etudie  les  ] 

echanges  gazeux  en  enfermant  de  petites  quantites  de  poussieres  i 

dans  des  ballons  remplis  d'air,  scelles,  puis  ouverts,  pour  analyse  \ 
du  contenu  gazeux,  apres  des  temps  variables.     II  faut  avoir 

soin  de  prendre  des  ballons  assez  grands  pour  que  les  echanges  ; 

gazeux  qui  se  produisent  au  cours  de  I'essai  ne  modifient  pas  trop  I 
la  composition  de  I'atmosphere ;  d'ailleurs  on  peut  etudier  I'influence 

du  confinement  en  faisant  systematiquement  varier  le  rapport  i 

du  poids  de  la  poussiere  au  volume  du  ballon.  \ 

Ensuite  on  a  expose  de  la  poussiere  fraiche  a  I'atmosphere  de  ] 

la  mine,  dans  des  boites  speciales  combinees  de  maniere  a  assurer  j 

autant  que  possible  I'integrite  de  I'echantillon  etudie,  sans  intru-  ; 

sion  de  parti cules  etrangeres;  on  a  suivi,  par  des  prises  d'essai,  j 

les  variations  de  composition  de  la  poussiere  mise  en  observation.  j 
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Enfin  on  a  complete  ces  etudes  systtoatiques  par  Fanalyse  de 
divers  ^chantillons  preleves  dans  les  galeries  de  mine.  On  ne  s'est 
pas  contente  d'une  analyse  globale,  mais  on  a  divise  chaque  echan- 
tillon  en  ses  elements  suivant  la  finesse  et  la  densite  et  chaque 
6Ument  a  fait  Tobjet  d'une  etude  speciale. 

Voici  maintenant  les  resultats  de  ces  travaux. 

La  premiere  variation  de  composition  qui  se  manifeste,  quand 
la  poussiere  de  houille  a  pris  naissance  au  chantier  d'abatage,  est 
un  d^gagement  de  formene.  On  sait  que  ce  degagement  se  con- 
tinue assez  longtemps,  lorsqu'il  s'agit  de  fragments  aux  dimensions 
commerciales.  II  importait  de  connaitre  Fimportance  et  la  duree 
du  degagement  pour  les  fragments  pulverulents.  La  multipli- 
cation des  surfaces  accelere  sans  aucun  doute  le  degagement; 
mais  celui-ci  est  loin  d'etre  immediatement  complet.  Des  echan- 
tillons  de  charbon  fraichement  abattu  dans  une  mine  grisouteuse 
ont  degage,  pendant  les  premieres  heures  qui  ont  suivi  la  pulver- 
isation, de  0,4  a  1,4  centimetre  cube  de  formene  par  gramme  de 
charbon  et  par  heure;  la  vitesse  de  degagement  n'a  pas  tarde  a 
se  ralentir,  vers  la  fin  du  premier  ou  du  quatrieme  jour;  suivant 
les  cas,  son  ordre  de  grandeur  fut  le  vingtieme  de  centimetre 
cube  par  heure  et  par  gramme  de  poussiere;  vers  le  5eme  ou  10 
eme  jour  la  premiere  phase  de  degagement  relativement  rapide 
^tait  terminee;  un  regime  lent  commenga,  qui  se  poursuivit  pendant 
un  grand  nombre  de  jours;  I'ordre  de  grandeur  de  la  vitesse  de 
degagement  etait  alors  de  quelques  millimetres  cubes  par  jour 
et  par  gramme,  ou  moins  encore  au  bout  d'un  certain  temps; 
sur  devieilles  poussieres  ayant  sejourne  quelques  moisau  fond  de 
la  mine,  le  degagement  de  formene  n'a  pu  etre  decele.  C'est,  en 
definitive,  pendant  les  dix  premiers  jours  que  se  degage  la  plus 
grande  partie  du  formene  liberable;  sur  les  echantillons  etudies, 
la  quantity  liberee  pendant  cette  periode  a  atteint  14  k  22  centi- 
metres cubes  par  gramme;  ces  chiffres  ne  comprennent  pas  le 
formene  degage  du  morceau  de  houille  pendant  les  quelques 
heures  qui  ont  separe  I'abatage  de  la  pulverisation,  ni  celui 
que  la  pulverisation,  rapidement  men^e,  a  libere.  Les  resultats 
que  nous  venons  de  r^sumer  se  rapportent  a  de  la  poussiere  tr^s 
fine,  ne  dormant  que  peu  de  refus  au  tamis  n°200;  du  menu  plus 
grossier,  provenant  de  la  meme  exploitation,  donnerait  un  dega- 
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gement  plus  prolonge  et,  au  total  plus  important,  car  il  aurait 
perdu  moins  de  grisou  a  la  pulverisation;  mais,  au  point  de  vue 
de  rinflammabilite  des  poussieres,  ce  sont  les  parties  les  plus  fines 
qui  off  rent  le  plus  d'interet.  On  remarquera  que  ?i  un  nuage  ten- 
ant 500  grammes  de  poussieres  au  metre  cube  d'air,  taux  conven- 
able  pour  Tinflammation,  est  constitue  par  des  poussieres  fraiches, 
il  pent  fournir  a  la  combustion  un  appoint  de  gaz  combustibles 
superieur  de  1  litre  par  metre  cube  environ  a  ce  que  pourrait  don- 
ner  une  poussiere  ayant  passe  la  premiere  phase  du  degagement. 
Une  inflammabilite  au  moins  ^gale  serait  obtenue  avec  un  nuage 
de  cette  derniere  poussiere  en  suspension  dans  de  Fair  tenant  0,1% 
de  grisou.  Or  les  essais  montrent  qu'une  telle  proportion  est 
sans  effet  appreciable  sur  Tinflammabilite.  Done  si,  en  principe, 
la  petite  quantity  de  grisou  spontanement  liberable,  que  les  pous- 
sieres fraiches  n'ont  pas  encore  degagee,  est  plutot  de  nature 
a  les  rendre  plus  inflammables  que  les  poussieres  moins  fraiches, 
qui  servent  dans  les  galeries  d'experiences,  cet  effet  doit  etre  con- 
sidere,  dans  la  pratique,  comme  absolument  negligeable. 

L'effet  le  plus  important  de  I'exposition  des  poussieres  a  Fair 
est  I'oxydation;  cet  effet  se  manifeste  sous  deux  formes:  fixation 
d'oxygene  sur  la  houille,  depart  du  carbone  a  I'etat  d'acid  carbon- 
ique;  il  se  pent  qu'il  y  ait  un  troisieme  effet  consistant  en  depart 
d'hydrogene  a  I'etat  de  vapeur  d'eau;  mais  on  n'a  pu  le  deceler  au 
degre  de  precision  des  essais;  de  meme  les  quelques  determina- 
tions d'azote,  effectuees  avant  et  apres  alteration,  n'ont  revele 
aucune  modification  sensible  de  la  proportion  de  ce  corps. 

De  ces  divers  effets,  c'est  la  fixation  d'oxygene  qui  constitue 
le  phenomene  predominant.  La  vitesse  de  fixation  varie  avec 
la  nature  du  charbon;  elle  parait  en  general  plus  grande  pour  les 
charbons  riches  en  matieres  volatiles  que  pour  les  charbons  pauvres 
en  ces  matieres;  elle  varie  avec  le  temps,  assez  rapide  au  debut 
de  I'exposition,  plus  lente  ensuite. 

Tout  a  fait  au  debut  de  I'exposition,  un  charbon  pulverulent 
a  30%  de  matieres  volatiles  fixe  0,2  centimetre  cube  environ 
d'oxygene  par  gramme  de  charbon  et  par  jour;  le  volume  total 
fixe  atteint  1  centimetre  cube  au  bout  de  10  jours,  2  cc.  au  bout 
de  30  jours,  3  cc.  au  bout  de  60  jours,  4  cc.  au  bout  de  120  jours. 
On  remarque  que  le  poids  fixe  d'oxygene  est  inferieur  pendant  les 
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dix  premiers  jours  environ,  et  superieur  ensuite  au  poids  de  for- 
mene  degage;  c'est  pourquoi  le  poids  de  Techantillon  diminue 
d'abord  puis  augmente;  sur  un  ^chantillon  moins  frais,  on  ne  con- 
staterait  que  Taugmentation  de  poids. 

Avec  des  poussieres  moins  riches  en  matieres  volatiles,  la  vitesse 
de  fixation  est  deux  ou  trois  fois  plus  faible. 

Enfin  des  poussieres  prelevees  au  fond  de  la  mine  et  datant 
de  deux  a  quatre  mois  continuent  a  s'oxyder,  en  fixant  1  centimetre 
cube  d'oxygene  par  gramme,  en  110  a  140  jours. 

Les  resultats  ci-dessus  ont  ^te  deduits  des  essais  faits  en  bal- 
lons  scell^s,  en  presence  d'air  assez  sec  et  pur  au  debut  de  Tessai, 
mais  s'appauvrissant  jusqu'a  ne  tenir,  a  la  fin  de  I'essai,  qu'en- 
viron  16%  d'oxygene.  Dans  la  mine  Fair,  quoiqu'un  peu  vicie, 
conserve  des  teneurs  en  oxygene  plus  elevees  (19  k  20%  aux  deux 
points  ou  de  la  poussiere  fut  mise  en  observation);  I'humidite 
est  parfois  assez  prononcee.  Pour  ces  raisons  et  d'autres  encore 
peut-etre,  I'oxydation  est  parfois  plus  active;  on  a  constate  qu'- 
apres  100  jours  d'exposition  un  gramme  de  poussiere  de  houille 
a  30%  de  matieres  volatiles  fixait  7  centimetres  cubes  d'oxygene 
dans  un  cas,  27  centimetres  cubes  dans  un  aetre  cas;  le  second  cas 
correspond  a  un  retour  d'air  particulierement  humide.  Ces  chiffres 
sont  deux  a  sept  fois  plus  eleves  que  ceux  obtenus  en  ballons 
scelles;  ils  correspondent  a  des  augmentations  de  teneur  en  oxy- 
gene respectivement  egales  a  1,0  et  3,9%. 

Le  depart  de  carbone  a  I'etat  d'acide  carbonique  peut  etre  de- 
ceit dans  les  ballons  scelles;  mais  la  quantite  degagee  demeure 
tr^s  faible;  il  a  gen^ralement  fallu  de  75  a  150  jours  pour  obtenir 
le  degagement  d'un  dixieme  de  centimetre  cube  par  gramme; 
la  perte  de  poids  ou  de  teneur  en  carbone  correspondant  a  ce 
degagement  est  absolument  insignifiante ;  un  seul  echantillon, 
preleve  au  fond  de  la  mine  et  deja  fortement  oxyde,  a  degage 
0,5  centimetre  cube  d'acide  carbonique  en  150  jours;  c'est  a  peu 
pres  la  moitie  du  volume  d'oxygene  fixe  pendant  le  meme  temps; 
le  degagement  d'acide  carbonique  n'est  done  plus  negligeable, 
mais  la  fixation  d'oxygene  n'en  reste  pas  moins  le  phenomene 
predominant.  Ainsi  la  combustion  lente  du  charbon  expose  a 
Fair,  qui  devient  tres  importante  lorsqu'on  echauffe  la  poussiere, 
s'est  montr^e  generalement  insignifiante  et  en  tous  cas  peu  im- 
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portante  a  la  temperature  ordinaire;  on  n'a  pas  rencontre  de  cas 
ou  elle  ait  ete  suffisante  pour  determiner  une  diminution  de  poids 
de  la  poussiere. 

Les  poussieres  recueillies  dans  les  galeries  de  mine  sont  des 
melanges  complexes  ou  Ton  trouve  des  fragments  de  houille,  de 
roches  du  gisement,  de  schistes  charbonneux,  et  aussi  des  debris 
de  matieres  organiques  di verses;  on  a  s^par^  ces  derhieres,  qui 
sont  riches  en  oxygene  et  matieres  volatiles;  leur  proportion  est 
generalement  assez  faible  pour  qu'elles  ne  modifient  que  fort 
peu  les  propri^t^s  de  Tensemble.  L'oxydation  est  generalement 
fort  prononcee;  la  teneur  en  oxygene,  rapprochee  de  ce  qu'elle 
devrait  etre  pour  des  melanges  de  roche  et  houille  fraiche,  accuse 
des  differences  en  plus  allant  jusqu'^  8%  pour  la  poussiere  brute 
et  jusqu'a  15%  lorsqu'on  les  rapporte  a  la  partie  houille,  la  seule 
qui  subisse  I'oxydation.  Quelques  cas  particuliers,  etudies  avec 
plus  de  detail,  ont  montre  que  les  grains  de  houille  pure,  dont  on 
connaissait  I'origine  et  qui  dataient  de  deux  a  quatre  mois  seule- 
ment,  ^taient  peu  oxydes;  leur  degre  d'oxydation  correspondait 
a  ce  que  Ton  pouvait  prevoir  d'apres  les  essais  ci-dessus  relates; 
mais  les  schistes  charbonneux  etaient  profondement  alteres; 
I'explication  est  la  suivante:  les  fragments  pulverulents  de  schis- 
tes charbonneux,  qui  entrent  dans  la  composition  des  poussieres 
proviennent  de  la  degradation  progressive  des  parois  des  galeries 
sous  I'influence  des  agents  atmospheriques  ou  du  pietinement; 
les  bancs  de  schistes  charbonneux  sont  en  effet  laisses  en  place 
et  non  exploites;  plus  tendres  que  les  autres  roches  steriles  lais- 
sees  en  place,  ils  contribuent  pour  une  part  relativement  grande  a 
la  formation  des  poussieres;  les  fragments  de  schistes  peuvent 
n'existera  Tetat  pulverulent  que  depuis  peu  de  temps;  comme  dans 
les  exemples  etudies,  ou  les  galeries  avaient  ^te  soigneusement 
depoussi^rees  deux  a  quatre  mois  auparavant;  ils  n'en  avaient 
pas  moins  commence  a  subir  Talteration  de  Tair,  sur  les  parois 
de  ces  galeries,  depuis  I'epoque  du  creusement,  c'est-a-dire  depuis 
plusieurs  annees;  c'est  pourquoi  ils  manifestent  une  oxydation 
aussi  importante. 

Le  degre  d'oxydation  des  poussieres  de  la  mine  ne  depend  done 
pas  seulement  de  la  nature  de  la  houille  exploit^e,  de  sa  friabilite, 
de  la  temperature  ou  de  I'humidite  de  Fair  et  des  multiples  cir- 
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Constances  qui  font  que  les  particules  charbonneuses  deposees 
en  tel  ou  tel  point  sont  de  pulverisation  plus  ou  moins  ancienne 
il  depend  aussi  de  la  nature  des  parois  des  galeries,  de  Tepoque 
de  leur  percement  et  des  reparations  qu'elles  ont  subies,  de  la 
proportion  de  schistes  charbonneux  qui  s'y  rencontrent;  en  sorte 
que,  si  Ton  peut  affirmer  qu'habituellement  les  poussieres  de  la 
mine  sont  plus  ou  moins  oxydees,  on  ne  peut  fixer  de  regie  simple 
qui  permette  de  pr^voir,  dans  chaque  cas,  le  degre  d'oxydation. 

Deux  remarques  acheveront  de  caracteriser  Talteration  des 
poussieres. 

La  teneur  en  matieres  volatiles  de  la  houille  oxydes  est  plus 
^lev^e  que  celle  de  la  houille  fraiche,  en  sorte  que  dans  les  melanges 
recueillis  au  fond,  cet  accroissement  de  teneur  fait  souvent  plus 
que  compenser  la  diminution  de  teneur  due  a  la  partie  rocheuse, 
pauvre  en  matieres  volatiles.  Le  pouvoir  calorifique  d'un  poids 
donne  de  poussieres  est  plus  faible  quand  les  poussieres  sont  al- 
t^rees;  car  dans  ce  dernier  cas,  I'appoint  d'oxygene  a  pour  effet 
de  diminuer  la  proportion  du  carbone  et  de  Thydrogene,  qui  sont 
les  elements  actifs  de  la  combustion.  La  diminution  de  pouvoir 
calorifique  semble  meme  assez  grande  pour  qu'il  faille  admettre 
que  la  fixation  de  I'oxygene  sur  le  charbon  est  tme  reaction  exoth- 
ermique,  comme  on  pouvait  vraisemblablement  le  supposer; 
mais  le  degre  de  precision  des  determinations  calorifiques  n'a 
pas  permis  de  preciser  la  chaleur  d^gagee  dans  cette  reaction. 

La  preuve  etant  faite  que  les  poussieres  deposees  dans  les 
mines  etaient  oxydees,  il  devenait  important  de  comparer  les 
proprietes  des  poussieres  fraiches  et  alterees  au  point  de  vue  de 
I'inflammabilit^. 

Divers  essais  ont  conduit  a  penser  que,  dans  le  mecanisme  de 
la  propagation  de  la  combustion  dans  les  nuages  de  poussieres, 
un  role  important  appartenait  aux  matieres  volatiles  degagees 
pendant  la  phase  d'echauffement  qui  precede  la  phase  de  combus- 
tion vive.  En  consequence  on  a  recherche  s'il  existait  des  differ- 
ences dans  la  nature  et  la  quantite  des  produits  volatils  degages 
par  les  poussieres  fraiches  ou  alterees,  specialement  pendant 
les  premieres  phases  de  la  distillaHon.  Une  nacelle  contenant 
5  grammes  de  la  poussiere  h  etudier  est  placee  dans  un  tube  de 
porcelaine  de  Saxe,  verniss^e  interieurement.  Le  tube  est  chaufte 
par  un  fort  chalumeau  a  gaz;  un  couple  thermo^lectrique,  plough 
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au  sein  de  la  poussiere,  permet  de  suivre  I'el ovation  de  temper- 
ature; on  fait  le  vide  avant  le  debut  de  I'echau dement;  puis  les 
gaz  sont  recueillis  sur  la  cuve  a  eau  par  un  tube  de  degagement ; 
on  recueille  et  analyse  separement  les  produits  d^gages  pendant 
diverses  phases  successives  de  Techauffement.  L'allure  du  chauf- 
fage  est  telle  que  la  temperature  au  sein  du  charbon  atteint  500 
degres  centigrades  en  2  minutes,  1000  degres  en  10  minutes, 
et  1200  degres  en  15  minutes;  le  degagement  gazeux  est  assez 
rapide  au  debut,  puis  se  ralentit  progressivement.  On  a  compare 
de  la  poussiere  fraiche  et  des  poussieres  plus  ou  moins  oxydees, 
provenant  de  la  meme  mine.  Les  resultats  sont  resumes  dans 
le  tableau  ci-joint. 

La  distillation  commencevers  450  a  500  degres  pour  la  poussiere 
fraiche,  vers  550  a  600  degres  pour  les  poussieres  oxydees;  les 
quantites  degagees  pendant  les  premieres  etapes  de  la  distillation 
different  beaucoup;  100  grammes  de  poussieres  donnent,  jusqu'a 
800  degres,  22  litres  de  gaz  pour  Techantillon  frais,  et  10  litres 
environ  pour  les  echantillons  alteres;  il  est  vrai  que  ces  derniers 
etaient  plus  cendreux;  en  rapportant  a  100  grammes,  cendres 
d^duites,  on  obtient  24  litres  d'une  part,  14  a  15  litres  d'autre 
part;  le  volume  degag^  pendant  cette  premiere  phase  atteint, 
pour  les  poussieres  fraiches,  les  deux  tiers  du  volume  total  que 
degage  la  distillation  complete;  il  n'atteint  meme  pas  le  tiers  pour 
les  poussieres  oxydees. 

La  composition  des  gaz  recueillis  dans  les  deux  cas  est  egalement 
tres  differente,  comme  le  montre  le  tableau  suivant: 
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Les  produits  a  basse  limite  d'inflammabilite,  qui  jouent  le  role 
le  plus  actif  dans  la  propagation  de  la  combustion,  h  savoir  les 
carbures  ethyleniques,  le  methane  et  I'hydrogene,  sont  en  propor- 
tion plus  faible  pour  les  poussieres  oxydees  que  pour  les  poussieres 
fratches;  au  contraire  Toxyde  de  carbone,  a  haute  limite  d'inflam 
mabilite,  est  plus  abondant  pour  les  poussieres  oxydees;  il  en  est 
de  meme  de  I'acide  carbonique,  qui  tend  a  s'opposer  a  la  com- 
bustion. 

Plusieurs  causes  s'unissent  done  pour  rendre  les  poussieres 
alterees  moins  inflammables  que  les  poussieres  fraiches;  leur  pou- 
voir  calorifique  est  moindre;  la  distillation  des  matieres  volatiles 
commence  a  une  phase  plus  tardive  de  I'echauffement  et  est,  au 
debut,  beaucoup  moins  active;  les  gaz  distilles  sont,  pour  di verses 
raisons,  moins  inflammables. 

On  a  verifi^  que  les  poussieres  oxydees  etaient  en  effet  moins 
inflammables  que  les  poussieres  fraiches. 

L'essai  a  ^te  fait  au  moyen  d'un  appareil  de  laboratoire  com- 
bine pour  I'etude  des  poussieres  au  point  de  vue  de  Tinflamma- 
bilite.  Un  decigramme  de  poussieres  place  dans  un  tube  de  souf- 
flage  est  projete  en  nuage  a  travers  un  tube  de  procelaine  de  25 
millimetres  de  diametre  interieur  et  10  centimetres  de  longueur, 
place  I'axe  vertical,  et  chauffe  a  environ  1000  degres  par  un  chal- 
umeau  ou  xm  four  ^lectrique ;  a  partir  d'un  certain  degre  inflamma- 
bilite,  le  nuage  prend  feu  et  donne  a  la  sortie  du  tube  une  flamme 
plus  ou  moins  volumineuse,  que  I'on  photographic;  les  dimensions 
de  la  flamme  caracterisent  le  degre  d'inflammabilite  de  la  pous- 
siere  et  I'on  a  verifie  qu'il  y  avait,  d'une  maniere  gen^rale,  accord 
entre  les  classements  obtenus  par  cette  voie  et  ceux  que  donnent 
les  essais  d'explosion  dans  la  galerie  d' experiences. 

Comme  les  poussieres  oxydees  ne  peuvent  etre  recueillies  avec 
de  suffisantes  garanties  d'homogeneite,  en  assez  grande  quantite 
pour  etre  experiment^es  dans  la  galerie,  elles  ont  ete  comparees 
aux  poussieres  fraiches  dans  I'appareil  de  laboratoire.  On  a 
observ6  une  difference  systematique  d'inflammabilite;  si  t  repre- 
sente  la  teneur  en  cendres  d'un  echantillon  de  poussieres  oxydees 
prelevees  au  fond  de  la  mine,  il  aurait  fallu,  pour  obtenir  une 
flamme  de  meme  grandeur  avec  des  poussieres  fraiches,  addition- 
ner  celles-ci  de  roches  pulv^risees  jusqu'a  ce  que  Ton  atteigne  une 
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teneur  en  cendres  superieure  a  t,  et  atteignant  parfois  t  + 10  ou 
t  +  20;  ainsi  roxydation  avait  diminu^  rinflammabilit^  comme 
I'aurait  fait  Faddition  de  lo  ou  20  unites  pour  cent  de  poussi^res 
incombustibles. 

On  conclut  de  ces  recherches  que  lorsque,  dans  les  galeries 
d'essais  ou  Von  etudie  les  explosions  de  poussieres,  on  emploie 
pour  les  experiences  des  poussieres  artificielles,  on  se  place  dans 
des  conditions  telles  que  les  explosions  sont  plus  faciles  ou  plus 
violentes  que  si,  toutes  choses  egales  d'ailleurs,  on  employ  ait  des 
poussieres  naturelles.  II  n'y  a  done  pas  k  craindre  que,  du  fait 
du  choix  des  poussieres,  les  conclusions  que  Ton  en  tire  pour  la 
prevention  des  accidents  risquent  d'etre  mises  en  defaut  dans 
les  conditions  du  fond  de  la  mine.  Par  cette  constatation,  se 
troube  rempli  le  but  principal  que  poursuivait  la  Station  d'essais 
de  Lievin  en  entreprenant  ces  recherches. 

Les  resultats  obtenus  apportent  en  outre  une  contribution  a 
I'etude  generale  de  I'oxydation  des  houilles. 


COAL   TAR   LIGHT   OIL   IN   THE   UNITED  STATES: 
THE  MANUFACTURE,  NATURE  AND  USES  OF 
PRODUCTS  DERIVED  THEREFROM 

By  John  Mokris  Weiss 
New  York,  N.  Y. 

Introductory 

This  paper  is  an  attempt  to  give  a  rather  general  outhne  of 
that  part  of  coal  tar  refining  dealing  with  the  lighter  oils  obtained 
in  the  first  distillation  of  coal  tar.  The  writer  has  taken  as  his 
theme  the  so-called  '^coal  tar  light  oil/'  and  has,  in  the  general 
description,  written  as  if  this  were  the  only  source  of  the  refined 
products  mentioned.  It  must  not  be  forgotten  that  other  pro- 
ducts are  used  as  raw  materials  for  the  same  purposes,  and  are 
mixed  with  light  oil  products  at  various  stages  of  manufacture. 
Thus  coal  tar  carbolic  oil,  water  gas  tar  light  oil,  crude  benzol 
from  washing  coke  oven  gases,  and  Pintsch  gas  drips  may  serve 
as  raw  materials  to  be  introduced  at  some  point  or  other  in  the 
manufacturing  processes. 

The  figures  given  for  production  include  products  from  all 
these  sources,  and  are  not  confined  to  light  oil  products  alone. 
The  figures  are  the  result  of  compiling  as  much  information  as 
the  writer  was  able  to  obtain  from  various  manufacturers. 

Light  Oil  Production 

Light  oil  is  produced  in  the  first  distillation  of  coal  tar,  being 
the  first  fraction  of  oil  taken  off.  In  practice,  it  usually  consists 
of  that  portion  of  oil  collected  while  the  water  is  being  removed. 
The  amount  of  light  oil  obtained  from  different  tars  varies  con- 
siderably, some  containing  only  a  trace,  while  in  others  it  may  run 
as  high  as  4%.  A  fair  average  for  coal  tars  distilled  in  the  United 
States  is  about  2.0%. 

Nature  of  the  Material 

Light  oil  of  coal  tar,  as  produced  in  the  United  States,  varies 
in  composition,  depending  on  the  nature  of  the  tar  from  which 
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it  is  produced,  and  upon  the  method  of  distillation  used.  The 
variations  in  composition  are  rather  more  of  proportion  of  con- 
stituents than  of  kind;  in  other  words,  in  all  coal  tar  light  oil  we 
meet  with  the  same  bodies,  but  their  amount  can  vary  quite  widely. 

The  main  constituents  of  coal  tar  light  oil  can  be  roughly  grouped 
into  four  classes: 

1.  Neutral  hydrocarbons  of  the  aromatic  series. 

2.  Unsaturated  hydrocarbons  of  various  series,  the  main  one, 
however,  being  of  the  styrolene  type. 

3.  Basis  bodies,  consisting  of  pyridine  and  the  higher  homo- 
logues. 

4.  Acid  bodies  known  as  ''tar  acids,"  in  light  oil  consisting  of 
phenol  and  the  three  isomeric  cresols,  with  small  amounts  of  the 
higher  homologues. 

Besides  bodies  falling  into  these  classes,  there  are  small  amounts 
of  other  materials  such  as  carbon  bisulphide,  various  organic 
nitriles  and  various  sulphur  compounds,  such  as  thiophene,  etc. 
All  the  materials  manufactured  from  light  oil  in  the  United 
States  fall  in  the  first  and  fourth  classes  mentioned  above. 

Methods  of  Testing  Light  Oil 

The  assay  of  light  oil  usually  consists  in: 

1.  A  distillation,  which  gives  the  approximate  amount  of 
hydrocarbons  boiling  at  various  temperatures. 

2.  Determination  of  tar  acids. 

.  3.  Determination  of  tar  bases. 
i';;.  4.  Determination  of  naphthalene. 
IvJ  5.  Determination  of  specific  gravity. 

These  tests,  with  the  exception  of  that  for  tar  bases,  have  been 
described  in  detail,  with  drawings  of  the  apparatus  used,  by  Mr. 
S.  R.  Church  (Journal  of  Industrial  and  Engineering  Chemistry, 
Volume  3,  No.  4,  April,  1911).  The  tar  base  test  is  carried  out 
in  exactly  the  same  manner  as  the  test  for  tar  acids,  preceding 
this  in  the  analytical  process,  with  the  exception  that  20°  Beaume 
sulphuric  acid  replaces  the  10%  soda  used  in  the  corresponding 
tar  acid  test. 

In  exceptional  cases  more  exhaustive  tests  are  made,  which 
include  a  very  careful  fractionation  of  the  light  oil  neutral  hydro- 
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carbons,  to  determine  the  approximate  percentage  of  pure  benzene 
and  toluene,  etc.,  but  as  these  are  but  seldom  used,  it  seems  well 
to  omit  them  here. 

As  a  means  of  showing  how  widely  light  oil  from  various  sources 
can  vary,  the  following  tests  are  given  as  representing  average 
coal  tar  light  oil  produced  in  the  United  States : 


Maximum 

Minimum 

Average 

Specific  gravity 

1.002 

0.953 

0.985 

Tar  acids 

18.0% 

4.0% 

7.5% 

Naphthalene 

29.9 

trace 

13.2 

Hydrocarbons  boiling 

below  200°  C 

62.0 

30.0 

48.0 

These  tests  do  not  include  the  determination  of  tar  bases,  as  this 
is  seldom  made.  I  may  say,  however,  that  the  bases  amount  to 
but  one  to  three  per  cent  of  the  light  oil. 

First  Distillation  of  Light  Oil 

This  is  carried  on  in  iron  horizontal  cylindrical  stills,  with  a 
capacity  of  from  3000  to  5000  gallons,  in  size  varying  from  six 
to  eight  feet  in  diameter,  and  fourteen  to  sixteen  feet  in  length. 
The  stills  are  set  in  brick  work  with  either  oil  or  coal  firing.  The 
type  of  setting  has  changed  from  time  to  time,  the  most  approved 
type  at  present  being  that  with  a  firebrick  arch,  the  hot  gases  of 
combustion  passing  under  the  arch  to  the  back  and  then  over  it 
under  the  still  to  the  stack  at  the  front.  The  stills  are  provided 
at  the  top  with  a  vapor  pipe,  an  opening  for  charging  and  a  man- 
hole for  cleaning,  at  the  bottom  with  a  draw-off  for  removal  of 
the  residue.  The  vapor  pipe  runs  directly  to  the  condenser  with- 
out any  baffling  or  fractioning  device  intervening.  A  thermometer 
set  in  the  vapor  pipe  of  the  still  serves  to  regulate  the  fractions 
taken  off.  The  distillate  is  run  directly  from  the  condenser  into 
tanks  or  pans,  depending  on  its  nature. 

In  this  first  distillation,  the  light  oil  is  spht  into  but  two  frac- 
tions, one,  crude  naphtha,  up  to  about  200°  centigrade,  taken  off 
into  a  storage  tank,  and  above  that  point,  napthalene  oil,  which 
is  run  directly  into  large,  shallow  iron  pans.  The  residue  in  the 
still  is  thick,  and  is  run  out  when  cool  and  mixed  with  crude  tar. 
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The  heavier  fraction,  containing  naphthalene,  is  allowed  to  cool 
to  air  temperature,  when  the  naphthalene  settlcvS  out.  As  much 
oil  as  possible  is  drained  off  by  gravity,  and  the  drained  naphtha- 
lene centrifugalled  to  further  remove  oil.  These  separated  crystals 
form  crude  naphthalene,  the  working  up  of  which  will  be  described 
later.  The  oil  drained  from  the  naphthalene  is  moderate  boiling 
creosote,  containing  a  high  percentage  of  tar  acids,  almost  entirely 
cresols  and  the  next  higher  homologues.  This  oil  is  used  as  the 
basis  of  ''percentage"  carbolic  acids  second  quality,  as  described 
later,  or  is  artificially  frozen  to  further  remove  naphthalene,  and 
the  frozen,  well  settled  oil,  containing  about  25%  of  tar  acids, 
is  used  for  the  manufacture  of  disinfectants  and  sheep  dips,  or 
as  a  basis  for  first  quality  ''percentage"  carbohc  acids. 

Treatment  of  Crude  Naphtha 

The  crude  naphtha  is  first  brought  into  iron  cone-bottom  agita- 
tors of  about  12,000  gallons  capacity,  and  the  tar  acids  removed 
by  treatment  with  dilute  caustic  soda  solution.  This  solution  of 
tar  acids  (mainly  phenol  and  cresols)  serves  as  the  raw  material 
for  the  manufacture  of  the  refined  grades  of  carbolic  acid,  as  will 
be  described  in  a  later  part  of  this  paper.  The  naphtha  freed 
from  tar  acids  is  then  treated  in  lead-lined  agitators  with  sufficient 
dilute  sulphuric  acid  to  remove  basic  bodies.  At  present,  owing 
to  the  fact  that  the  market  for  pyridine  bases  is  very  limited  in 
the  United  States,  no  attempt  is  made  to  recover  these  bases, 
but  the  pyridine  sulphate  liquor  is  thrown  away. 

The  extracted  naphtha  is  then  subjected  to  fractional  distilla- 
tion under  vacuum  of  about  29  inches,  using  a  column.  This  is 
carried  out  in  stills  of  the  same  size  and  type  as  used  in  the  first 
distillation,  a  column  and  reflux  condenser  being  used  between 
the  still  and  the  condenser.  The  fractions  are  collected  of  necessity 
in  closed  receivers.  This  distillation  is  regulated,  like  the  other, 
by  a  thermometer  in  the  vapor  pipe.  Four  fractions  are  taken 
off: 

1.  Crude  benzol  and  toluol  fraction. 

2.  Intermediate  fraction  to  be  rerun. 

3.  Crude  solvent  naphtha  fraction. 

4.  Heavy  naphtha  fraction. 
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The  residue  left  in  the  still  is  rerun  in  the  crude  straight  pipe 
stills  as  described  in  the  first  distillation  of  light  oil.  The  crude 
benzol  and  toluol  fraction  is  rerun  in  a  vertical  still  with  a  steam 
coil  and  column,  and  separated  into : 

IA.  Crude  benzol. 

IB.  Intermediate  fraction  to  be  rerun. 

IC.  Crude  toluol. 

All  is  gradually  accumulated  into  fractions  lA,  IC,  3  and  4,  which 
come  into  commerce  as  ''straw  color  benzol,"  ''straw  color  toluol," 
"crude  solvent  naphtha,"  and  "heavy  naphtha." 

Refined  Benzols  from  Crude  Fractions 

The  crude  fraction  is  placed  in  an  iron  cone  bottom  agitator 
provided  with  a  mechanical  stirring  device  of  the  propeller  type, 
and  there  treated  with  sulphuric  acid,  the  amount  varying  with 
the  nature  of  the  material.  The  sulphuric  acid  polymerizes  and 
removes  in  the  form  of  tar  the  unsaturated  hydrocarbons,  leaving 
the  aromatic  hydrocarbons  practically  untouched.  After  the 
sulphuric  acid  treatment,  the  acid  is  carefully  drawn  off,  together 
with  any  tarry  matter  which  collects  immediately  above  the  acid. 
The  acid  treatment  is  followed  by  a  treatment  with  dilute  caustic 
soda  to  remove  small  amounts  of  acid  left  on  the  sides  of  the 
agitator  and  mixed  through  the  oil.  It  is  then  run  to  a  vertical 
still,  provided  with  steam  coil  and  live  steam.  In  the  case  of  the 
lower  boiling  materials,  crude  benzol  and  toluol,  the  distillation 
can  be  carried  on  almost  entirely  without  live  steam,  but  with 
the  higher  boihng  materials  live  steam  is  necessary  to  complete 
the  distillation.  The  product  of  this  distillation  is  refined  90% 
benzol,  from  the  crude  benzol  fraction,  commercial  toluol  from 
the  toluol  fraction,  refined  solvent  naphtha  from  the  crude 
solvent  naphtha  fraction,  and  200°  naphtha  from  the  heavy 
naphtha  fraction.  50%  benzol  and  100%  benzol  are  made  in  a 
similar  way  by  altering  as  necessary  the  distilling  points  on  the 
crude  column  distillation  of  fraction  Number  1,  as  denoted 
above. 
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The  50,  90  and  100  per  cent  benzols  consist  mainly  of  benzene 
and  toluene,  with  small  amounts  of  xylene,  and  their  names  are 
not  indicative  of  the  comparative  purity  of  the  materials,  but 
merely  of  the  amount  distilling  at  100°  centigrade. 

The  lower  boiling  benzols  can  have  the  following  composition: 

100%  Benzol  90%  Benzol  50%  Benzol 

Benzene  94-97%  80-85%  40-50% 

Toluene  2-6%       10-20  30-60 

Xylene  0-1  0-5  0-25 

Pure  Hydrocarbons 

The  manufacture  of  these  consists  in  taking  a  refined  fraction, 
such  as  obtained  from  the  process  described  in  the  preceding 
paragraphs,  and  submitting  it  to  column  distillation  in  a  steam 
still  with  a  very  high  column,  and  taking  off  a  fraction  within 
very  narrow  temperature  limits.  Only  benzol  (benzene)  and 
toluol  (toluene)  are  separated  in  the  pure  condition,  that  is,  with 
less  than  0.5%  of  impurities.  A  substance  called  ''pure  xylol" 
is  manufactured,  consisting  of  a  mixture  of  the  three  isomeric 
xylenes.  No  attempt  is  made  in  this  country  to  separate  the 
three  isomers.   Pure  benzol  has  about  the  following  composition: 


Benzene  99.5-99.8% 

Toluene  0.05%, 

Thiophene  0-0.10% 

Carbon  bisulphide  0-0.02% 

Unsaturated  hydrocarbons  0 

Paraffine  hydrocarbons  0-0.55% 


Testing  of  Benzols 

For  a  description  of  the  various  tests  used  on  benzols,  that  is, 
boihng  point,  specific  gravity,  flash,  evaporation  test,  freezing 
point,  and  sulphuric  acid  test,  the  author  has  already  published 
these  (Journal  of  Industrial  and  Engineering  Chemistry,  Volume 
3,  No.  1,  page  10,  January,  1911),  and  therefore  it  does  not  seem 
necessary  to  go  into  these  in  detail  here. 
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Properties  of  Benzols. 

These  can  best  be  given  in  tabular  form,  and  we  present  here 
the  average  distillation  tests,  specific  gravity,  flash,  evaporation, 
sulphuric  acid  tests,  etc.,  of  the  refined  grades  of  benzol,  and  the 
distillation,  specific  gravity,  flash  and  evaporation  tests  of  the 
crude  benzols. 


Product 

Boiling  Pt. 

Sp.  G 

rr.  at 

Flash  Evaporation 

15.5* 

Point 

Test 

Pure  benzoP 

80-82°  C. 

.881- 

-.884 

Below    10  minutes 

100%  benzol 

100%  at  100°  C. 

.875- 

-.884 

Freezing 

133^ 

90%  benzol 

90%  at  100° 

C. 

.875- 

-.882 

Freezing 

14 

50  %o  benzol 

50%  at  100° 

C. 

.871- 

-.875 

Freezing 

23 

Pure  toluol 

110-112°  C. 

.869- 

-.871 

Freezing 

29 

Commercial  toluol 

90%  at  120° 

.869- 

-.872 

Freezing 

33 

Pure  xylol 

135-145° 

.865- 

-.867 

30°  C. 

89 

Solvent  naphtha 

90%  at  160° 

.864- 

-.870 

25.5° 

107 

Straw  col.  benzol 

85-90at  100° 

.862- 

-.870 

Bel.  F. 

18 

Straw  col.  toluol 

85-90at  120° 

.862- 

-.870 

Bel.  F. 

36 

Crude  solvent 

85-90at  160° 

.876-.887 

25.5°  C. 

121 

Heavy  naphtha 

85%  at  100° 

.925- 

-.940 

43°  C. 

303 

'Pure  benzol  has  a  solidifying  point  of  5.15  to  5.40  C. 


Sulphuric  Acid  Tests:  (Water-white  grades  only) 

Pure  benzol  and  toluol,  at  most  pale  straw  in  acid  100%,  90%, 
50%,  and  commercial  toluol,  yellow  in  acid,  oil  white.  Solvent, 
red  in  acid,  oil  pale  yellow. 

Uses  of  Benzols 

In  general,  the  use  of  all  grades  of  benzol  can  be  summed  up 
in  one  word,  ''solvents".  They  are  excellent  solvents  for  gums, 
resins,  greases,  rubber,  etc.,  and  it  is  mainly  upon  the  wide  and 
varied  solvent  power  of  benzols  that  the  capabihties  for  their 
commercial  utilization  rest.  Pure  benzol  and  pure  toluol  are 
used  as  a  basis  for  manufacturing  other  chemicals,  nitrobenzol, 
aniline,  benzoic  acid,  saccharin,  etc.,  which  in  their  turn  are  used 
generally  in  dye  and  drug  manufacture.  Pure  benzol  and  toluol 
are  also  used  as  solvents  in  cases  of  continuous  extraction  where 
a  low  boiling  solvent  of  great  uniformity  is  required.   Pure  benzol 
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is  also  used  for  the  manufacture  of  special  rubber  cements  where 
a  very  high  grade  of  purity  is  necessary. 

It  seems  better  to  classify  the  uses  of  the  other  grades  of  benzol 
by  the  industry  in  which  they  are  used,  rather  than  by  the  grade 
of  the  material,  as  the  same  industry  may  use  a  varied  number 
of  products  for  different  purposes. 

Rubber 

Benzol  is  a  perfect  solvent  for  crude  Para  rubber,  being  equalled 
in  this  respect  only  by  carbon  bisulphide.  The  advantages  of 
benzol  over  this  solvent  in  regard  to  safety,  etc.,  are  so  patent 
that  they  need  no  mention.  Therefore,  in  rubber  work  where  a 
high  grade  cement  is  demanded,  benzol  is  almost  universally  used. 
This  is  particularly  the  case  in  the  manufacture  of  automobile 
tires,  and  large  amounts  of  benzol  are  consumed  in  this  industry. 

Rubber  solutions,  too,  are  used  for  the  manufacture  of  insulating 
varnishes,  and  benzol  finds  application  here  also  as  a  solvent. 
A  use  in  connection  with  rubber  work  which  has  not  been  very 
extensively  applied  as  yet  in  the  United  States  is  the  cold  vulcani- 
zation of  rubber  in  which  the  active  agent  is  sulphur  monochloride 
dissolved  in  benzol.  The  use  of  benzol  in  this  instance  depends 
upon  the  fact  that  in  addition  to  being  a  rubber  solvent,  it  is 
unaffected  chemically  by  the  sulphur  monochloride.  For  most 
of  the  rubber  purposes,  the  crude  benzols  have  no  application. 
It  is  mainly  the  refined  grades  that  are  used,  with  the  lower  boiling 
benzols  in  greatest  use. 

Paint  and  Varnish 

The  uses  of  the  various  grades  of  benzol  in  the  paint  and  varnish 
industry  are  quite  varied,  and  of  late  it  has  been  replacing  petro- 
leum benzine  as  a  constituent  of  turpentine  substitutes,  owing 
to  its  greater  solvent  properties.  This  is  particularly  true  in 
certain  varnishes  where  gums,  such  as  Manila,  are  used,  which 
are  not  held  in  solution  properly  by  benzine,  but  which  are  per- 
fectly soluble  in  benzol. 

In  straight  pigment  paints,  benzol  has  not  found  wide  applica- 
tion as  yet,  but  it  has  been  found  of  considerable  advantage  as  a 
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thinner  in  paints  designed  for  painting  resinous  woods,  owing  to 
the  penetration  or  ''tooth"  given  to  the  paint.  This  use  has  been 
very  well  described  in  a  paper  by  J.  Dewar,  published  in  the  Pro- 
ceedings of  the  convention  of  Master  House  Painters  and  Decora- 
tors Association  of  Pennsylvania,  January,  1911,  printed  in  the 
Painters'  Magazine  for  March,  1911. 

Enamel  paints,  as  well  as  bronze  and  aluminum  paints,  also 
afford  a  use  for  benzol.  These  paints  usually  have  a  concentrated 
solution  of  Damar  gum  as  their  base,  and  benzol  is  an  ideal 
material  for  this  purpose,  owing  to  its  very  strong  solvent  action 
on  this  gum. 

Wood  stains  and  stain  solvents  also  have  benzol  in  their  make- 
up. This  use  is  based  on  the  fact  that  benzols  are  excellent  sol- 
vents for  oil-soluble  aniline  colors,  and  that  by  the  use  of  benzol, 
very  good  penetration  into  the  wood  can  be  obtained. 

Paint  and  varnish  removers  are  to  a  great  extent  essentially 
a  mixture  of  benzol  with  wood  alcohol,  and  many  patents  cover 
the  use  of  benzol  in  this  connection.  For  these  preceding  purposes, 
mostly  water  white  or  relSned  grades  are  used,  and  the  grade 
selected  depends  generally  on  the  evaporative  effect  desired,  in 
view  of  the  fact  that  the  solvent  power  of  the  various  grades  is 
approximately  the  same. 

In  a  few  cases  in  the  paint  and  varnish  industry,  straw  color 
benzols  and  the  darker,  heavier  naphthas  are  used.  As  examples 
of  this,  tar  paints,  gilsonite  paints,  ship  bottom  paints,  etc.,  can 
be  mentioned.  In  all  these  the  base  of  the  paint  is  dark,  and 
therefore  the  color  of  the  solvent  used  is  of  no  consequence. 

Lacquers  and  Imitation  Leather 

The  writer  has  classed  these  two  industries  together,  owing 
to  the  fact  that  the  application  of  benzol  is  based  on  the  same 
property  in  both  cases.  Benzol  by  itself  is  not  a  solvent  for 
pyroxylin,  or  soluble  cotton.  However,  if  a  concentrated  solution 
of  pyroxylin  in  amyl  acetate  is  prepared,  this  solution  can  be 
thinned  to  a  greater  extent  by  benzol  than  any  other  commercial 
solvent,  without  causing  the  pyroxylin  to  be  precipitated  as  a 
gelatinous,  insoluble  mass.  Numbers  of  lacquers  consist  merely 
of  such  a  concentrated  solution  of  soluble  cotton  thirmed  to  the 
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utmost  degree  with  benzol.  In  the  imitation  leathers  in  many 
cases,  such  a  solution  is  applied  to  cloth,  allowed  to  dry,  and  then 
colored  and  grained.  Besides  the  pyroxylin  imitation  leathers, 
there  are  also  others  which  have  a  linseed  oil  base,  and  in  these 
also  benzol  is  used  for  solvent  purposes. 

Miscellaneous  Uses 

It  hardly  seems  worth  while  to  the  writer  to  go  into  any  great 
detail  as  to  the  various  other  uses  of  benzol  much  more  than  a 
brief  mention.  Extraction  of  greases  from  very  varied  materials, 
such  as  wool,  garbage,  etc. ;  extraction  of  vegetable  oils  from  seeds 
or  press  waste;  as  a  constituent  of  metal  polishes,  of  special  metal 
protective  coatings,  dry  cleaning  and  scouring;  extraction  of 
alkaloids  and  crude  drugs;  waterproofing  compositions  for  cloth, 
etc.  As  yet  it  has  not  been  used  as  a  fuel  or  for  motor  purposes 
in  the  United  States,  this  phase  being  yet  in  an  experimental 
stage.  In  all  these  uses,  the  grade  of  benzol  varies  according  to 
the  particular  needs  of  the  process  in  which  it  is  used. 

Production  and  Distribution  of  the  Use  of  Benzols,  1910-1911: 

In  1910,  the  production  of  coal  tar  solvents  of  all  grades  amount- 
ed to  about  1,500,000  gallons,  and  in  1911  this  was  increased  to 
very  nearly  2,000,000  gallons.  All  of  this,  as  noted  before,  was 
not  produced  from  coal  tar  light  oil.  This  was  distributed  among 
various  industries  approximately  as  follows: 


Of  course,  these  figures  are  only  approximate,  but  are  indicative 
of  the  magnitude  of  the  coal  tar  solvent  industry  in  this  country 


Paint  and  varnish 

Rubber  and  rubber  cements 

Imitation  leathers 

Chemical  manufactures 

Miscellaneous  and  undetermined 


47.0% 
18.0% 
10.0% 
11.0% 
14.0% 


100.0% 
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Worki7ig  up  Carholate  to  Crude  Carbolic  Acid 

The  soda  solution  of  tar  acids  obtained  in  the  working  up  of 
hght  oil  serves  as  raw  material  for  the  manufacture  of  various 
refined  carbolic  acids.  The  carbolate  is  first  boiled  to  remove 
mechanically  dissolved  hydrocarbons.  This  is,  in  some  cases, 
performed  in  an  open  tank,  with  coil  and  live  steam;  in  more 
improved  forms  of  apparatus,  vacuum  pans  are  used  for  this 
purpose.  From  the  carbolate  thus  purified,  carbolic  acid  is  liber- 
ated with  carbon  dioxide  gas  obtained  from  a  furnace  burning  a 
mixture  of  coke  and  limestone.  When  the  carbolate  is  sufficiently 
blown,  a  clear  separation  takes  place,  the  upper  layer  being  crude 
carbolic  acid,  and  the  lower,  carbonate  of  soda.  The  carbonate 
of  soda  is  treated  in  another  agitator  with  lime  obtained  from  the 
carbon  dioxide  furnace,  filter-pressed,  and  the  regained  caustic 
soda  used  over  again  in  future  operations.  The  crude  carbolic 
acid  thus  obtained  contains  from  12  to  16  per  cent  water,  and 
from  4  to  5  per  cent  of  non- volatile  residue,  the  main  amount 
being  phenol  and  cresols. 

Refined  Carbolic  and  Cresylic  Acids 

The  crude  carbolic  acid  is  distilled  in  a  vacuum  column  still, 
taking  off  first,  water,  then  a  fraction  rich  in  phenol,  an  interme- 
diate fraction  to  be  rerun,  and  a  cresylic  fraction.  The  cresylic 
fraction  is  redistilled  in  a  still  using  a  block  tin  condenser  and 
receiver,  and  comes  on  the  market  as  ' 'white  cresylic  acid,"  or, 
if  fractioned  to  a  close  boiling  point,  as  U.  S.  P.  cresol. 

The  first  fraction,  rich  in  phenol,  is  cooled  to  a  suitable  tempera- 
ture, and  the  phenol  crystallizes  out,  and  after  draining  and 
centrifugalling,  requires  only  a  distillation,  using,  as  in  the  case 
of  white  cresylic,  a  block  tin  condenser  and  receiver,  to  be  marketed 
as  ''crystallized  carboHc  acid,"  with  a  melting  point  of  39  to  40° 
centigrade.  The  liquid  drainings  from  the  crystal  acid  are  rerun 
in  the  column  still  similarly  to  the  crude  acid. 

Other  Commercial  CarboHc  Acids 

Various  other  grades  of  carbolic  acid  are  known  as  "95% 
dark",  "97-99%  straw  color,"  and  various  so-called  "percentage" 
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acids,  15,  25  and  50  per  cent,  etc.,  first  and  second  quality.  These 
are  obtained  from  the  drained  oil  from  crude  naphthalene.  The 
95%  dark  is  a  dark  colored  carbolic  acid,  containing  at  least  95% 
of  bodies  soluble  in  soda,  the  remainder  being  made  up  of  water 
and  neutral  hydrocarbons. 

The  97-99%  straw  color  acid  consists  merely  of  the  95%  dark 
distilled  under  vacuum  to  remove  water  and  slight  amounts  of 
tarry  matter,  and  contains  as  its  only  impurity  neutral  hydro- 
*  carbons. 

The  percentage  acids  are  creosote  oil  with  various  guaranteed 
percentages  of  tar  acids,  and  are  obtained  by  simple  mixture. 

The  second  quahty  acids  deposit  naphthalene  if  chilled,  whereas 
the  first  quality  are  free  from  naphthalene  down  to  at  least  32°F. 

Methods  of  Testing  Carbolic  Acids 

The  percentage  acids  are  usually  tested  only  for  water,  per- 
centage of  tar  acids,  and  deposit  of  naphthalene  at  32°F.  The 
tar  acid  test  consists  in  distiUing  100  cubic  centimeters  of  material 
from  a  bulb  and  noting  the  shrinkage  of  the  distillate  when  treated 
with  10%  caustic  soda.  Water  is  determined  in  the  distillation. 
A  small  sample  is  also  cooled  in  a  tube  to  32°  F.  for  some  time  to 
note  if  naphthalene  separates. 

97  to  99%  straw  color  acid  and  95%  dark  are  merely 
tested  for  water,  specific  gravity,  distillation  (similar  to  benzol 
distillation)  and  matter  insoluble  in  soda. 

Crystal  carbolic  acid  is  usually  tested  by  the  methods  as  given 
in  the  United  States  Pharmacopoeia,  the  length  to  which  these 
tests  are  carried  varying  with  the  purpose  for  which  the  acid  is 
to  be  used. 

Uses  of  Pure  Carbolic  Acid  and  Pure  Cresol 

Pure  carboHc  acid  and  pure  cresol  are  used  mainly  medicinally, 
and  in  the  manufacture  of  medicinal  preparations.  Some  carbolic 
acid  is  used  for  the  manufacture  of  picric  acid  and  dyes,  and  a 
small  amount  for  leather  finishing. 

The  crude  grades  of  carbolic  acids  are  used  in  the  manufacture 
of  sheep  dips  and  disinfectants,  and  also  in  some  cases,  directly 
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for  disinfectant  purposes.  A  small  proportion  is  used  in  rubber 
reclaiming  and  in  certain  paint  and  varnish  removers.  Another 
interesting  use  which  may  be  of  considerable  future  importance 
is  in  the  manufacture  of  various  resinous  products  by  condensa- 
tion with  aldehydes. 

Production  of  Carbolic  Acid 

It  was  impossible  to  obtain  reasonably  accurate  figures  for 
production  and  importation  of  refined  and  crude  carboHc  acids. 
The  importations  are  not  well  enough  classified  to  obtain  the 
definite  information  desired,  nor  was  the  writer  able  to  obtain 
full  information  as  to  that  manufactured  in  this  country,  especially 
in  the  case  of  the  cruder  grades. 

Naphthalene  Manufacture 

The  crude  naphthalene  obtained  by  centrifugalling  the  second 
fraction  in  the  first  distillation  of  light  oil  is  melted  up  and  run 
out  into  shallow  pans  and  allowed  to  cool  and  crystallize  slowly. 
This  recrystallized  naphthalene  is  submitted  to  a  second  centrif- 
ugalling, and  is  then  known  as  purified  naphthalene.  A  very 
little  goes  into  the  trade  as  such.  For  further  purification,  this 
naphthalene  is  distilled  and  water  and  tarry  matter  removed. 
The  middle  fraction  is  run  into  a  lead-lined  washbox,  and  there 
treated  hot  with  concentrated  sulphuric  acid,  then  with  water, 
and  finally  with  soda  to  remove  the  last  traces  of  acid.  The 
washed  naphthalene  is  then  run  back  into  a  still  and  redistilled, 
and  the  middle  portion  taken  as  refined  naphthalene.  The  ''heads 
and  tails"  running  from  the  still  are  returned  to  crude  naphthalene. 

The  refined  naphthalene  is  then  made  into  various  forms  used 
commercially. 

Flake  Naphthalene 

This  is  produced  by  subliming  the  refined  naphthalene  from 
shallow  pans  into  a  large  wooden  room.  The  naphthalene  is  held 
in  the  pans  at  about  160°C.  by  means  of  steam  coils,  and  gradually 
sublimes  into  the  room  and  condenses  on  the  walls,  ceiling  and 
floor.    After  a  sufficient  period  of  time  has  elapsed,  the  room  is 
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opened,  the  flake  naphthalene  removed,  and  a  new  operation 
started. 

Naphthalene  Balls 

These  are  made  by  molding  refined  naphthalene  in  suitable 
molds. 

Other  Forms 

The  flake  and  balls  are  the  most  used  forms,  but  small  amounts 
are  put  out  in  the  form  of  crushed  crystals,  powdered,  and  various 
shaped  blocks  (square,  lozenge,  domino  shape,  etc.). 

Methods  of  Testing  Naphthalene 

Refined  naphthalene  is  tested  usually  only  for  melting  point. 
Occasionally  a  test  for  coloration  with  sulphuric  acid  is  made  for 
the  very  highest  grade  used  for  chemical  purposes.  The  most 
essential  features  for  ordinary  purposes  is  the  color,  and,  moreover, 
the  capabihty  of  keeping  the  white  color  even  in  the  presence  of 
sunlight.  The  crude  naphthalene  are  usually  assayed  by  dis- 
tillation for  water  and  non-volatile  residue,  in  addition  to  melting 
point  test. 

Uses  of  Naphthalene 

The  main  use  of  naphthalene  is  as  an  insect  deterrent.  The 
well-known  use  of  so-called  ''moth  balls"  and  flake  naphthalene 
requires  no  comment.  A  small  amount  of  naphthalene  is  used 
in  the  manufacture  of  other  chemicals,  such  as  naphthol,  phthalic 
acid,  e;tc.  However,  these  latter  industries  have  not  as  yet  been 
developed  to  any  great  extent  in  the  United  States. 

Production  of  Naphthalene,  1910-11 

In  1910  and  1911,  between  six  and  seven  million  pounds  per 
year  were  used  in  the  United  States,  of  which  approximately  45% 
was  produced  in  this  country.  At  least  95%  is  used  by  the  drug 
trade  for  sale  as  a  moth  deterrent.  The  remainder  is  absorbed 
by  manufacturers  for  divers  purposes. 

CONCLUSION 

The  above  paragraphs  give  a  general  view  of  the  present  status 
of  refining  light  oil  in  the  United  States.  Besides,  at  present,  some 
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light  oil  is  produced  so  far  from  refineries  as  to  make  it  impractical 
to  transport  it  to  a  point  where  it  can  be  utilized.  Such  light  oil 
is  mostly  used  up  as  a  thinner  in  cheap  tar  paints. 

Up  to  the  present,  the  manufacture  of  products  in  this  field 
has  been  mainly  confined  to  materials  already  existent  in  the 
crude  oil,  and  capable  of  being  isolated  by  physical  and  simple 
chemical  means.  The  further,  more  intricately  chemical  manu- 
facture of  the  various  derivatives  of  benzene,  toluene,  naphthalene, 
etc.,  which  serve  as  raw  materials  for  dye  manufacture,  has  as 
yet  been  only  carried  on  in  a  comparatively  small  way  in  the 
United  States. 

The  chemical  possibilities  along  these  lines  are  yet  to  be  devel- 
oped in  this  country,  and  here  indeed  is  a  wide  field  for  technical 
endeavor  which  will  place  the  coal  tar  industry  of  the  United 
States  in  a  stage  of  development  equal  to  that  already  attained 
abroad. 


DIE   OBERE  BRAUCHBARKEITSGRENZE   DES  ABEL- 
PENSKYSCHEN  APPARATS   UND  SEINE  VER- 
GLEICHUNG    MIT   DEM  PENSKYSCHEN 
FLAMMPUNKTPRUFER 

GEHEIMER  REGIERUNGSRAT  PROF.  DR.  H.  F.  WIEBE 

Physikalisch-Techniscke  Reichsanstalt  Charlottenhurg 

Auf  dem  Wiener  Petroleumkongress  ist  beschlossen  worden, 
ausschliesslich  den  Abel-Penskyschen  Petroleumprober  unter  der 
Bezeichnung  als  Abel-P-Apparat  fiir  alle  Staaten  zur  Bestimmung 
des  Entflammungspunkts  von  Petroleum  anzunehmen.  Dabei 
wurde  die  Frage  bertihrt,  bis  zu  welchen  Temperaturen  aufwarts 
der  Apparat  benutzbar  ist.  Nach  den  deutschen  Vorschriften 
fiir  die  zollamtliche  Abfertigung  von  Mineralolen  kann  er  zu 
Flammpunktsbestimmungen  bis  50°C  gebraucht  werden,  wobei 
das  Wasserbad  auf  85°  C  zu  erhitzen  ist.  Fiir  Temperaturen 
iiber  50°  trat  bisher  der  Penskysche  Flammpunktpriifer  an  die 
Stelle  des  Abelapparats,  obwohl  letzterer  zufolge  einer  miindlichen 
Mitteilung  des  Herrn  Professor  Holde  in  einzelnen  Fallen  schon 
bis  zu  60  oder  70°C  herauf  verwendet  worden  ist. 

Um  die  Unsicherheit  iiber  die  Verwendbarkeit  des  Abelapparats 
in  dieser  Hinsicht  zu  beseitigen,  wurde  auf  dem  Wiener  Kongreb 
weiter  beschlossen,  die  obere  Brauchbarkeitsgrenze  des  Abel- 
apparats durch  eine  besondere  Untersuchung  festzustellen  und 
damit  seine  Vergleichung  mit  dem  Penskyschen  Flammpunkt- 
priifer zu  verbinden. 

Die  hierzu  erforderlichen  Versuche  sind  in  der  Physikalisch- 
Technischen  Reichsanstalt  unter  meiner  Leitung  durch  die  Herren 
P.  Hebe  und  W.  Wuntke  ausgefiihrt  worden.  Wir  benutzten  dazu 
zwei  der  Reichsanstalt  gehorende  Abelsche  Petroleumprober 
(S  &  R  2902  und  2903)  und  drie  Penskysche  Flammpunktprufer 
(S  &  R  2048,  2049,  2050)  die  von  der  Firma  Sommer  &  Runge  in 
Friedenau-Berlin  zur  Verfiigung  gestellt  waren.  Samtliche  Ap- 
parate  entsprechen  in  ihren  Abmessungen  den  amtlichen  Vor- 
schriften. 

303 


1 


304         Original  Communications:  Eighth  International  [vol. 


Die  den  Abelprobern  gewohnlich  beigegebenen  Thermometer  ^ 
zeigen  nur  bis  50°C  an;  um  die  Apparate  fiir  die  hoheren  Tem- 
peraturen  gebrauchen  zu  konnen,  wurden  sie  mit  neuen,  bis  llOo 
reichenden  Thermometern  ausgeriistet  und  dann  an  die  Normal- 

Abelprober  der  Reichsanstalt  angeschlossen.  * 

Ferner  schien  es  zweckmassig,  fiir  die  Versuche  bei  hoheren  ■ 
Temperaturen  das  messingne  Heizbad  durch  ein  solches  aus  Kup- 
fer  zu  ersetzen,  das  von  gleichen  Abmessungen  wie  jenes  ist,  aber 

ein  nach  unten  verlangertes  Abflussrohr  hat  und  mit  zwei  festen  j 

holzernen  Handgriffen  versehen  ist.  Es  zeigte  sich,  dass  die  Appa-  i 
rate  im  kupfernen  Gafass  einen  um  0,4°C  niedrigeren  Entflam- 

mungspunkt  angeben,  was  wohl  der  besseren  Leitfahigkeit  des  : 

Kupfers  zuzuschreiben  ist.  ! 

Fiir  Temperaturen  in  der  Nahe  von  100°C  und  dariiber  konnte  ■ 

zur  Fiillung  des  Heizbades  natiirlich  Wasser  nicht  mehr  verwendet  ] 

werden,  an  dessen  Stelle  Palmin  genommen  wurde,  das  Erhitzungen  \ 

bis  250°C  vertragt,  ohne  sich  erheblich  zu  zersetzen.   Ein  Einfluss  ' 

der  Palminfiillung  auf  die  Angabe  des  Entflammungspunkts  1 

konnte  nicht  festgestellt  werden.  Hohere  Temperaturen  als  230°C  i 

kamen  bei  den  vorliegenden  Versuchen  fiir  das  Heizbad  des  ■ 

Abelprobers  nicht  in  Betracht.  j 

Die  Vergleichung  des  Abelprobers  mit   dem   Penskyschen  j 
Flammpunktpriifer  geschah  in  drei  Versuchsreihen,  dabei  wairden 
Ole  mit  Entfiammungspunkten  von  42,  48,  59,  69  bis  73,  83  und 
104°C  verwendet.    Das  01  mit  42°  Entflammungspunkt  war 

russischen  Ursprungs,  dasjenige  mit  48°  franzosischen,  wahrend  ''■ 

die  iibrigen  Ole  due  hoheren  Fraktionen  eines  amerikanischen  I 
*     Petroleums  mit  20,  5°  Entflammungspunkt  waren. 

Bei  der  ersten  Versuchsreihe  wurde  fiir  die  Abelprober  das  | 

Wasserbad,  fiir  die  iibrigen  Reihen  das  Palminbad  benutzt.  ] 

Bei  den  Versuchen  im  Wasserbehalter  wurde  die  Temperatur  \ 

des  Wassers  um  35°  hoher  gehalten  als  der  Entflammungspunkt,  ; 

nur  bei  den  Olen  mit  Entflammungspunkt  von  70°  liess  sich  dies  j 

nicht  einrichten,  da  sonst  der  Siedepunkt  des  Wassers  iiberschritten  j 

ware.    Wir  begniigten  uns  damit,  die  Wassertemperatur  auf  99°  ! 

zu  halten.    Die  Versuche  bei  70°  wurden  im  Palminbad  wieder-  \ 

holt,  welches  auf  hohere  Temperaturen  gebracht  werden  konnte.  \ 

Der  Testanfang,  d.h.  die  Temperatur  des  Oles,  bei  der  mit  i 

dem  Eintauchen  der  Ziindflamme  in  das  Petroleumgefass  begonnen  | 
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wurde,  lag  bei  beiden  Apparattypen  5  bis  6°  unter  dem  Ent- 
flammungspunkt.  Bei  den  Abelprobern  wurde  von  0,5  zu  0,5°, 
bei  den  Penskyschen  Apparaten  von  1  zu  1°  getestet,  beide  Male 
mit  zwischentesten  von  0,25  auf  0,75°,  bezw.  von  0,5  auf  1,5°. 


TABELLE  1 

Verleichung  des  Abelprobers  mit  dem  Penskyschen  Flammpunktspmfer 
bei  42°,  48°,  50°,  69°  bis  73°,  84°,  104°. 


fur  beide 

Abelprober  mit  kupfernem 

u 

d    ^  "-I 

Apparattypen 

Erhitzungsgei 

ass 

±1  lammpunktspruter 

Heigerung 
der  Temperatur 

des  Oles 
in  1  Minute 

Testanfang 

Temperatur  des 

Wasserbades 
(1.  Reihee),  berio, 
des  Pahiiinblades 

(2.  und  3.  Reihe) 

Mittlere 
Temperatur  des 
herausragenden 
Quecksilber- 
fadens 

Entflammungs- 
punkt;korri- 
giertes  Mittel  aus 
den  Angaben  von 
2  Apparaten 

Temperatur  des 
herausragenden 
Quecksilber- 
fadens 

Entflammungs- 
punkt ;  korri- 
giertes  Mittel  aus 
den  Angaben  von 
3  Apparaten 

Unterschiedrivi 
den  korrigier 
Angaben  der  Abe 
und  der 
Flammpunkts] 

1 .  Versu 

chsreihe  ( 

Mdrz-Ap 

ril  1912) 

bei  Abel- 

prober 

1,6°  C 

bei 

Flamm- 

■35  C 

78  C 

28,3  C 

42,1  C 

31,7  C 

41,9  C 

+0,2°C 

punkt- 

sprufer 

2° 

1,5  C 

42 

85 

28,3 

28,3 

48,2 

33,1 

+0,5 

1 

54 

95 

28,2 

59,3 

36,5 

58,7 

+0,6 

0,67 

64 

99 

24,3 

suchsreihe 

24,3 

70,0 

69,3 

+0,7 

2.  Ver 

(April  1 

912) 

0,67 

65 

125 

73,0 

72,2 

+0,8 

1 

65 

130 

31,2 

72,3 

35,7 

71,6 

+0,7 

3 

63 

165 

34,7 

70,1 

38,6 

69,4 

+0,7 

6 

63 

220 

45  7 

68,6 

43,6 

69,4 

—0,8 

3 

75 

195 

41,7 

83,1 

39,2 

83,5 

—0,4 

3 

77 

195 

83,0 

83,9 
103,5 

—0,9 
+0,5 

3 

96 

-  230 

40,8 

104,0 
Mai  1912 

44,2 

3.    Ver  u 

chsreihe  ( 

). 

3 

34 

120 

28,5 

40,5 

30,3 

40,0 

+0,5 

3 

43 

135 

32  4 

49,4 

34,2 

49,4 

0,0 

3 

53 

150 

32,7 

58,7 

35,7 

59,3 

—0,6 

3 

65 

165 

32,9 

70,8 

70,8 

71,1 

—0,3 

3 

78 

185 

30,1 

83,6 

36,9 

83,9 

—0,3 
+0,5 

3 

98 

220 

34,6 

103,9 

43,2 

103,4 

Gesamtmittel        +0,1°  C 


Die  Temperatursteigerung  des  Oles  schwankte  bei  der  ersten 
Versuchsreihe  zwischen  0.67  und  2°  in  der  Minute,  bei  der  zweiten 
Reihe  zwischen  0,67  und  6°  in  der  Minute,  wahrend  bei  der  dritten 
Reihe  die  Steigerung  in  alien  Fallen  3°  in  der  Minute  betrug. 
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Bei  fast  alien  Versuchen  ist  die  mittlere  Temperatur  des  heraus- 
ragenden  Quecksilberfadens  beobachtet  und  die  daraus  folgende 
Korrektion  an  die  Thermometerablesungen  angebracht  worden. 
Diese  Korrektionen  sind  in  dem  Falle  nicht  zu  vernachlassigen, 
wenn  das  Thermometer  mit  ganz  eintauchendem  Faden  gepriift 
ist,  da  sie  in  den  hochsten  Temperaturen  (bei  104°)  bei  den  Abel- 
probern  bis  1,2°  und  bei  den  Flammpunktprobern  bis  0,7°  ansteigt. 

Die  Resultate  der  drei  Versuchsreihen  sind  in  der  folgenden 
Tabelle  1  zusammengestellt ;  hierbei  sind  die  Zahlen  jeder  Hori- 
zontalreihe  die  Mittel  aus  mindestens  sechs  einzelnen  Vergleich- 
sreihen. 

Die  Zahlen  der  letzten  Vertikalkolumne  geben  die  Unterschiede 
zwischen  den  korrigierten  Angaben  der  Abelprober  und  der 
Penskyschen  Flammpunktpriifer  ftir  die  Temperaturen  zwischen 
40  und  104°  C.  Das  Gesamtmittel  betragt  +0,1°,  von  welchem 
die  einzelnen  Zahlen  um  rund±l°  abweichen.  Die  beiden  Appa- 
ratt^T^en  zeigen  also  innerhalb  dieses  Temperaturintervalls  selbst 
bei  einer  Verschiedenheit  der  Temperatursteigerung  im  Olgefass 
von  f  bis  6°  in  der  Minute  bis  auf±l°  C  ubereinstimmende 
Entflammungspunkte. 

Aus  den  hier  nicht  angegebenen  Abweichungen  der  Angaben 
der  einzelnen  Prober  von  den  Mitteln  berechnet  sich  der  mittlere 
Fehler  eines  aus  sechs  einzelnen  Vergleichungen  gebildeten  Mittels 
fiir  die  Abelprober  zu±0,ll°  und  fiir  die  Flammpunktprufer  zu 
±  0,23°,  fiir  letztere  also  doppelt  so  gross  wie  fiir  erstere,  was  zu 
erwarten  war,  da  beim  Testen  das  Eintauchen  der  Ziindflamme 
in  das  Olgefass  beim  Flammpunktpriifer  in  doppelt  so  grossen 
Temperaturabstanden  geschieht  wie  beim  Abelprober. 

Aus  den  Zahlen  der  Tabelle  geht  unzweifelhaft  hervor,  dass  der 
Abelsche  Apparat  in  der  oben  angegebenen  Modifikation  unbeden- 
klich  zu  Flammpunktsbestimmungen  mindestens  bis  104°  C 
benutzt  werden  kann.  Dies  ist  wichtig,  da  fiir  die  neuen  Vor- 
schriften  des  Jnternationalen  Ubereinakommens  iiber  den  Eisen- 
bahnfrachtverkehr  beziiglich  der  Beforderung  von  Petroleum  und 
anderen  Olen  vorgeschlagen  ist,  dass  diese  unter  den  Bedingungen 
fiir  brennbare  Fliissigkeiten  zugelassen  werden  sollen,  wenn  sie 
im  Abelapparat  nicht  unter  21°C  und  im  Penskyschen  Flamm- 
punktpriifer nicht  oberhalb  100°  C  entflammen.    Man  wird  also 
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fiir  diese  Zwecke  ktinftig  mit  dem  Abel-P.-Apparat  allein  auskom- 
men. 

Ausserdem  tibt  die  Temperatursteigerung  beim  Flammpunkt- 
priifer  einen  grosser  en  Einfluss  auf  den  Entflammungspunkt  aus 
als  beim  Abelprober,  wie  aus  den  in  nachfolgender  Tabelle  2 
zusammengestellten  Versuchen  hervorgeht. 


TABELLE  2 

Einfluss  der  Temperatursteigerung  auf  den  Entflammungspunkt. 


Abelprober 

Penskyscher  Flammpunktsprufer 

Temperatur- 
steigerung 
in  1  Minute 

Entflammungspunkt 

Temperatur 
steigerung 
in  1  Minute 

Entflammungspunkt 

01  I 

OIII 

Olll 

01 IV 

r  c 

2,5 

43  65°  C 
43,4 

2°  C 

5 

8 

49,3°  C 

47,8 

47,0 

77,9°  C 

77,1 

76,0 

101,0°  C 

100,4 

100,2 

Der  Entflammungspunkt  wird  also  bei  schnellerer  Temperatur- 
steigerung im  allgemeinen  erniedrigt;  bei  den  Abelprobern  aber 
nur  um  }°,  bei  den  Flammpunktpriifern  dagegen  um  mehr  als 
einen  Grad.  Sobald  es  sich  also  bei  der  Bestimmung  des  Flamm- 
punkts  um  eine  grossere  Genauigkeit  als  1°  handelt,  empfiehlt 
es  sich,  den  Abelapparat  in  der  angegebenen  Modifikation  zu 
verwenden. 


J 

I 

i 


I 
i 

I 
( 

\ 

i 

i 
i 

! 

i 


j 
1 


NEUERUNGEN  AUF  DEM   GEBIETE  DER  TORFGE- 
WINNUNG  UND  TORFVERWERTUNG 


Von  De.  W.  Wielandt 
Oldenburg  i/Gr. 

Seitdem  die  Gestehungskosten  fiir  Steinkohle  in  alien  Landern 
erheblich  gestiegen  sind,  haben  die  geringeren  Brennstoffe  wie 
Braunkohle,  Torf  und  dergl.  erhohte  Beachtung  gefunden,  und 
insbesondere  hat  der  Torf  die  Aufmerksamkeit  auf  sich  gezogen, 
weil  er  gerade  in  kohlearmen  Landern  am  reichlichsten  vorhanden 
ist.  Eine  grosse  Torfindustrie  hat  sich  indessen  bisher  noch 
nicht  recht  entwickeln  konnen,  weil  eine  solche  einerseits  mit 
reinem  Handbetrieb  selbstverstandlich  undenkbar  war,  ander- 
seits  die  bisher  verwandten  Torfmaschinen  eine  Unmasse  von 
geschulten  Arbeitern  erforderten,  sodass  der  Torf  nur  noch 
teurer  wurde  als  mit  Handbetrieb. 

Die  letzten  Jahre  haben  hierin  nun  eine  entscheidende  Neuerung 
gebracht,  namlich  die  Torfmaschinen  des  Dr.  Wielandt  in  Olden- 
burg, der  seit  Jahren  sich  ausschliesslich  der  Torfmoorverwertung 
widmet  und  das  von  ihm  1905  gegriindete  Torfverwertungsun- 
ternehmen  zu  Elisabethfehn  im  Grossherzogtum  Oldenburg 
jetzt  zum  grossten  torfindustriellen  Betriebe  in  Oldenburg  aus- 
gedehnt  hat. 

Die  neuen  Torfbagger  mit  dem  angefugten  Torfsodenausbreiter 
arbeiten  im  Gegensatze  zu  den  bisher  gebrauchlichen  Torfmaschi- 
nen vollstandig  automatisch,  indem  samtliche  Arbeitsvorgange, 
namlich  das  Baggern  der  Moormasse,  das  Mischen  und  Formen 
derselben,  das  Abteilen  in  einzelne  Soden,  das  Ausbreiten  der 
Torfsoden  auf  dem  Trockenfelde,  sowie  das  Nachbunken,  von  der 
Maschine  selbsttatig  ausgefiihrt  werden,  sodass  lediglich  fiir  die 
Beaufsichtigung,  fiir  die  Bedienung  der  Motoren  und  das  Legen 
der  Geleise  je  nach  den  Moorverhaltnissen  2-3  Arbeiter  gebraucht 
werden.  Der  Torfbagger  besteht  aus  einem  auf  Feldbahngeleisen 
on  600  mm  Spur  oder  auf  einzelnen  Schienenstiicken  sich  mit 
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einer  Stundengeschwindigkeit  von  20-30  Meter  gleichmassig 
vorwartsbewegenden  Fahrgestell,  einer  seitlieh  auf  demselben 
befestigten,  2  bis  5  Meter  tief  und  0,8  bis  1,2  Meter  breit  arbei ten- 
den  Eimerkette,  einem  doppelschneckigen  Mi&chwerke,  in  welches 
die  Moormasse  aus  den  Eimern  vermittelst  eines  Schiittrichters 
gelangt,  einem  Pressenmundstiick  von  beliebigem  meist  ftinfecki- 
gem  Querschnitte,  einem  Sodenabschneider,  der  den  Torfstrang 
automatisch  in  gleich  langen  Soden  zerteilt  und  einer  Abbunk- 
vorrichtung,  welche  hinter  der  Baggerleiter  die  Bunkerde  abfgrabt 
und  seitlieh  in  den  Piittengraben  abwirft.  An  das  Maschinen- 
gestell  angeschlossen  und  mit  ihm  kontinuierlich  sich  vorwarts- 
bewegend  ist  der  Torfsodenausbreiter,  welcher  vermittelst  eines 
Bandes,  dessen  einzelne  Tragplatten  an  einem  endlosen  Zugseil 
drehbar  befestigt  sind,  die  Torfsoden  vom  Mundstiick  aufnimmt 
und  sie,  sobald  das  Band  bis  zum  Ende  vollgelaufen  ist,  gleich- 
zeitig  auf  dem  etwa  15  bis  30  Meter  breit  zu  nehmenden  Trocken- 
felde  in  horizontaler  Lage  abwirft.  Der  Antrieb  der  Maschine 
erfolgt  durch  Elektromotor  oder  durch  einen  Benzinmotor,  der 
entweder  auf  dem  Maschinengestell  selbst  oder  auf  einem  beson- 
deren  Fahrgestell  angebracht  ist.  Die  Bagger  werden  hergestellt 
fiir  eine  Arbeitsleistung  von  60  bis  70  Kubikmeter  Rohmoor  stiind- 
lich  entsprechend  5  bis  10  tons  lufttrockenem  Torf,  wiegen  komplet 
mit  Sodenausbreiter  je  nach  Grosse  3000  bis  5000  Kilogramm  und 
bediirfen  etwa  20  bis  32  PS. 

Neuartig  an  der  Betriebsweise  dieser  Maschinen  ist  zunachst, 
dass  nur  Streifen  von  durchschnittlich  1  Meter  Breite  abgetorft 
und  ein  Trockenfeld  von  durchschnittlich  20  Meter  Breite 
genommen  wird,  wahrend  bisher  Streifen  von  3  bis  4  Meter 
Breite  abgetorft  und  auf  80  bis  100  Meter  Breite  ausgelegt  wurden. 
Nach  dieser  neuen  Methode  gelangt  stets  nur  die  abgetrocknete 
Moorwand  zur  Verarbeitung,  welche  etwa  doppelt  so  viel  Trocken- 
substanz  im  Kubimeter  enthalt  wie  die  weiter  im  Moore  liegenden 
Schichten,  wodurch  die  Torfsoden  von  vornherein  wesentlich 
trockener  sind  als  bei  der  alten  Methode.  Damit  wird  erreicht 
dass  die  Torfsoden  je  nach  der  Witterung  bereits  nach  4  bis  10 
Tagen  gehaufelt  und  nach  insgesamt  2  bis  4  Wochen  vom  Trocken- 
felde  abgenommen  und  in  grosse  Haufen  aufgestapelt  werden 
konnen.    Die  Folge  hiervon  ist,  dass  das  selbe  Trockenfeld  in 
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einem  Sommer  wiederholt  befahren  und  belegt  werden  kann  und 
dass  die  Torfkampagne  wesenilich  langer  in  den  Herbst  ausge- 
deent  und  so  Maschinerie  und  Moor  viel  besser  ausgenutzt  werden 
kann  als  bisher.  Damit  ist  ein  wesentlicher  Schritt  zu  dem  Ziele 
der  Torfschnelltrocknung  getan,  ohne  dass  es  einer  kiinstlichen 
Trocknung  durch  Warme,  einer  Wasserauspressung  oder  sonstigen 
kostspieligen  Behandlung  bediirfte.  Ausserdem  aber  stellen  sich 
die  Selbstkosten  fiir  die  Trocknung  und  das  Einsammeln  des 
Torfes  geringer  als  bisher,  weil  die  Soden  nicht  liber  eine  so  ausser- 
ordentlich  breite  Flache  ausgelegt  werden,  sondern  nur  auf  einer 
schmalen  Flache  hegen  und  dadurch  dem  Abfuhrgeleise  bedeutend 
naher  sind.  Neuartig  ist  ferner  an  dieser  Maschine,  dass  schrage 
Abhange  abgetorft  werden,  deren  Neigungswinkel  je  nach  der 
Weichheit  des  Moores  eingestellt  werden  konnen.  Dadurch  wird 
offensichtlich  eine  grossere  Standfestigkeit  der  Anhange  gegen  den 
Seitenschub  der  Moormasse  erreicht,  und  ermoglicht,  dass  auch 
in  schlecht  entwasserten  Mooren  gearbeitet  werden  kann,  sodass 
man  unter  Umstanden  mit  der  Abtorfung  eines  frischen  Moores 
um  2-3  Jahre  friiher  beginnen  kann  als  dies  bisher  der  Fall  war. 
Dies  wird  ganz  wesenthch  auch  dadurch  unterstlitzt,  dass  die 
Maschine  ein  ganz  geringes  Gewicht  hat  und  infolge  des  gleich- 
massigen  Ganges  dem  Moorboden  keinerlei  Erschtitterungen 
mitteilt. 

Die  weiteren  Vorziige  des  neuen  Syst ernes  sind,  abgesehen  von 
der  Reduzierung  der  Bedienungsmannschaften  auf  ein  Sechstel 
der  bisherigen,  noch  folgende. 

1.  Samtliche  Bewegungen  sind  kontinuierlich  und  durchaus 
gleichmassig,  wodurch  Konstruktion  und  Betrieb  sehr  einfach, 
der  Kraftbedarf  gleichbleibend  und  die  Abniitzung  sehr  geringist. 

2.  Die  Baggerleiter  kann  wahrend  des  Betriebes  ohne  Still- 
setzen  der  Maschine  gehoben  und  gesenkt  und  ebenso  schrager 
oder  steiler  eingestellt  werden,  wodurch  Neigungswinkel  und 
Tiefgang  augenblicklich  der  ja  oft  wechselnden  Moortiefe  und 
Moortrockenheit  angepasst,  und  eventuelle  Hindernisse  wie 
Sandhligel  und  Baumstamme  ohne  Zeitverlust  umgangen  werden 
konnen. 

3.  Bei  der  Ueberfiihrung  der  Maschine  von  einem  Moore  zum 
anderen  wird  die  Baggerleiter  hochgezogen  und  quergestellt, 
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sodass  die  Maschine  jedwede  Wendung  und  Platzveranderung 
ohne  irgend  welche  Demontage  in  wenigen  Stunden  bewerkstelligen 
kann,  wozu  bei  den  alten  Systemen  mehrere  Tage  notwendig 
sind.  Der  Transport  des  Baggers  selbst  auf  grosse  Entfernungen 
ist  sehr  bequem,  da  derselbe  auf  normalen  Feldbahngeleisen 
lauft. 

4.  Da  die  Baggerbecher  gleichzeitig  alle  Schichten  des  Moores 
abbaggern,  erfolgt  bereits  in  den  Bechern  eine  Mischung  der 
verschiedenen  Schichten,  und  es  resultiert  ein  wesenthch  gleich- 
massigeres  und  dichteres  Produkt  als  beim  Einwerfen  der  Moor- 
masse  mit  Hand  wie  friiher. 

5.  Infolge  des  geringen  Arbeiterbedarfes  kann  auch  nachts  bei 
elektrischer  Beleuchtung  gebaggert  werden,  sodass  Maschine  und 
Moor  fast  doppelt  so  lang  wie  bisher  ausgenut'>'+  werden  konncn. 

6.  Der  Bagger  kann  auch  in  holzreichen  Mooren  arbeiten,  da 
die  Baggerungsbreite  nur  gering  und  der  Puttengraben  von  aussen 
sehr  gut  zuganglich  ist,  sodass  etwa  vorhandene  Wurzeln  ohne 
grosse  Schwierigkeit  mit  Hand  von  der  Seite  her  entfernt  werden 
konnen,  bevor  die  Becher  an  sie  anstossen. 

Die  Torfgewinnungskosten  mit  diesen  Baggern  stellen  si  h  je 
nach  den  speziellen  Moorverhaltnissen  durchschnittlich  auf  etwa 
M  4. — bis  M  5. — pro  10000  kg  lufttrockenen  Torffiir  das  Baggern 
einschliesslich  des  Kraftverbrauches,  M  7. — fiir  das  Trocknen,  M 

4.  — fiir  Materialien,  Reparaturen  und  Aufsicht,  M  4. — bis  M  5. — 
fiir  den  Transport  bis  zur  Verwendungsstelle  und  M  4. — bis  M 

5.  — fiir  Abschreibungen  auf  Maschinen,  Geleise  und  Wagen, 
insgesamt  also  auf  durchschnittlich  etwa  M  25. — pro  10000  kg 
frei  Verwendungsstelle. 

Mit  diesen  neuen  Maschinen  sind  nun  hervorragende  Result  at  en 
erzielt  worden  auf  dem  vorhin  genannten  Torfwerke  zu  Elisabeth- 
fehn,  wo  bereits  vier  verschiedene  Exemplare  in  Dauerbetrieb 
stehen.  Diese  Bagger  haben  dort  im  vergangenen  Sommer  zum 
Teil  bis  zum  16.  September  gearbeitet,  wahrend  die  alten  Maschi- 
nen in  der  dortigen  Gegend  samtHch  schon  in  den  ersten  Julitagen 
stillgesetzt  werden  mussten,  was  also  eine  Verlangerung  der  Kam- 
pagne  auf  nahezu  das  Doppelte  bedeutet.  Ferner  wird  dort  die 
haufig  wiederholte  Bearbeitung  und  Belegung  desselben  Moores 
in  einem  Sommer  durchgefiihrt,  indem  z.B.  eine  jener  Maschinen 
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im  gegenwiirtigen  Sommer  regelmassig  aller  zwei  bis  clrei  Wochen 
auf  dem  glcichen  Moore  arbeitet  und  den  Torf  ausbreitet,  mithin 
dasselbe  Moor  etwa  acht  bis  zehnmal  in  einem  Sommer  bearbeitet, 
wahrend  sich  nach  den  bisherigen  Trocknungsmethoden  auf  dem- 
selben  Moore  stets  nur  ein  einmaliges  Belegen  des  Trockenfeldes 
als  moglich  erwiesen  hatte.  Auch  hat  sich  in  Elisabethfehn  in 
der  Tat  gezeigt,  dass  der  mit  den  neuen  Baggern  erzeugte  Torf 
infolge  der  tadellosen  maschinellen  Bearbeitung  derart  fest  und 
dicht  wird,  dass  er  beim  Durchsagen  eine  gleiche  Strucktur  auf- 
weist  wie  hartgepresste  Briketts  oder  ktinstliches  Holz. — Im 
iibrigen  werden  auf  dem  Moore  zu  Elisabethfehn  die  Bagger  mit 
Benzinlokomobilen  nach  Entwlirfen  von  Dr.  Wielandt  angetrieben, 
die  nur  800  bis  1200  kg  wiegen  und  im  Herbste  auch  zur  Anlie- 
ferung  des  Torfes  verwandt  werden  konnen. 

Aus  Vorstehendem  ergiebt  sich,  dass  mit  dieser  neuen  Torf- 
maschine  der  Weg  gebahnt  ist  zu  einer  grossen  und  rationellen 
Torfgewinnungsindustrie. 

Nun  sind  bisher  die  Ansichten  noch  sehr  geteilt  iiber  die  Frage, 
in  welcher  Weise  grosse  Torfmengen  am  besten  zu  verwerten  sind. 
Zu  diser  Frage  sei  mitgeteilt,  dass  seit  1907  zu  Elisabethfehn  in 
Oldenburg  eine  Torfverkokungsanlage  System  Dr.  Wielandt 
arbeitet,  welche  in  fiinfjahrigem  Bestehen  den  Beweis  erbracht 
hat,  dass  Torfverkokung  nach  diesem  System  ausserst  gewinn- 
bringend  ist  und  ganz  zweifellos  ftir  die  Verwertung  grosster  Torf- 
mengen sehr  geeignet  ist. 

Die  genannte  Anlage  besteht  aus  drei  Verkokungsofen  mit  einer 
Kapazitat  zur  Erzeugung  von  rund  9  tons  Torfkoks  pro  24  Stunden 
aus  rund  30  tons  Torf,  den  dazugehorigen  Anlagen  fiir  elektrische 
Torfforderung  und  Koksstapelung,  einer  Torfteerdestillation 
zur  Aufarbeitung  des  Torfteers  zu  Kreosotol,  Gasol,  Paraffin  und 
Pech  und  einer  Schweelwasserdestillationsanlage  zur  Gewinnung 
von  essigsaurem  Kalk  und  Schwe  felsaurem  Ammoniak.  Das 
Prinzip  des  vielfach  patentierten  Verkokungsofens  beruht  darauf 
dass  durch  die  Anbringung  einer  Verbindungsrohrleitung  zwischen 
dem  obersten  Ofenteil  und  dem  unteren  Kokskiihlraume  und  die 
gleichzeitige  Verlegung  des  Gasabsaugepunktes  etwa  in  die  Mitte 
des  Ofens  eine  Verbindung  z^vischen  der  Wasserentwickelungszone 
und  der  Gasentwickelungszone  geschaffen  ist.    Durch  diese  Ver- 
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bindungsleitung  werden  die  zahlreichen  bei  der  Trocknung  des 
Torfes  im  oberen  Ofenteil  entstehenden  Wasserdampfe  allein 
infolge  der  natiirlichen  Druckverhaltnisse  in  dem  Kokssammel- 
trichter  gesogen,  durchstreichen  den  mittleren  Ofenteil,  in  welchem 
die  permanenten  Gase  und  die  Teerdampfe  entwickelt  werden  und 
verlassen  mit  diesen  zusammen  den  Of  en.    Die  wertvolle  Folge 
dieser  Anordnung  ist,  dass  der  gliihende  Koks  bereits  innerhalb 
der  Retort  e  automatisch  abgeloscht  wird,  sodass  er  den  Of  en 
fast  kalt  verlasst,  dass  durch  die  Einwirkung  des  Wasserdampfe 
auf  dem  entgasenden  Torf  wesentlich  mehr  Ammoniak  gewonnen 
und  die  Teerdampfe  vor  zu  weit  gehender  Zersetzung  bewahrt 
werden  und  dass  die  Destillationstemperatur  erniedrigt  wird. 
Ein  weiterer  technischer  Vorteil  ist,  dass  sowohl  ganz  oben  als 
auch  ganz  unten  im  Ofen  nur  Wasserdampfe  herrschen,  sodass 
beim  Einfiillen  des  Torfes  und  Entleeren  des  Kokses  keine  wert- 
vollen  Heizgase,  sondern  nur  iiberfliissiger  Wasserdampf  verloren 
geht  und  ausserdem  eine  Feuersgefahr  ausgeschlossen  ist.  Schliess- 
lich  giebt  dies  Prinzip  auch  eine  sehr  wertvolle  automatische 
Regulierung  des  Ofenganges,  indem  gerade  dann,  wenn  einmal 
iibermassig  feuchter  Torf  in  die  Retorten  kommt,  aus  dessen 
Wasser  in  Beriihrung  mit  dem  Koks  eine  Vermehrte  Menge 
Wassergas  gebildet  wird  und  durch  die  solcher  Gestalt  ohne  Weit- 
eres  vermehrte  Gasmenge  eine  starkere  Beheizung  der  Retorten 
gerade  dann  von  selbst  erfolgt,  wenn  diese  einer  grosseren  Warme 
zwecks    Verdampfung   der  grossern  Wassermengen  bediirfen. 
Dadurch  ist  es  mogUch,  auch  bei  feuchterem  Torf  mit  dem  eigenen 
Torfgase  nicht  nur  die  Beheizung  der  Oefen  sowie  der  Neben- 
betriebe  wie  Teerdestillation  und  Eindampfung  der  Salze  aus- 
zukommen,  sondern  auch  elektrische  Kraft  kostenfrei  abzugeben 
fiir  die  Torfmaschinen  auf  dem  Moore. 

Von  den  Produkten  wird  der  Torfkoks  speziell  fiir  Kupfersch- 
miedezwecke,  Qualitatseisenzwecke,  Holzkohlenhochofen  und  weil 
dergl.  an  Stelle  von  Holzkohle  verwendet  und  dieser  vorgezogen, 
er  dichter,  barter  und  ergiebiger  ist  als  jene.  Si  en  Schwefel- 
gehalt  stellt  sich  durchschnittlich  auf  0.15  per  cent,  sein  Aschenge- 
halt  auf  3  bis  5  per  cent,  seine  Heizkraft  auf  7,000  Kaloreinypro 
Kilogramm.  Von  den  Nebenprodukten  ist  das  Gasol  zum  Kar- 
borieren  von  Wassergas  und  zur  Oelgasbereitung  vorzuglich 
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geeignet,  ebenso  in  gereinigtem  Zustande  auch  als  Dieselmotoren- 
treibol,  da  es  infolge  verhaltnissmassig  hohen  Wasserstoffgehaltes 
eine  giinstige  Entziindungstemperatur  hat.  Das  Pech  wird  fiir 
Kohlenbrikettierungs — und  Dachpappenzwecke  verkauft. 

Die  Gestehungskosten  fiir  den  Torfkoks  stellen  sich  gemass 
den  Resultaten  des  beschriebenen  Torfverkokungsbetriebes  sehr 
niedrig,  namlich  z.B.  bei  einer  Anlage  zur  Erzeugung  von  12,000 
tons  Torfkoks  jahrlich  einschliesslich  der  Amortisation  der  Anlage, 
abztiglich  des  Erloses  aus  den  Nebenprodukte  auf  etwa  M  18. — bis 
M  20. — per  ton  Koks,  bei  einer  Anlage  von  30,000  tons  Torfkoks 
jahrlich  auf  weniger  als  M  10. — per  ton.  Es  ist  also  bei  einer  derat 
grossen  Anlage  sehr  gut  moglich  den  Torfkoks  mit  grossem  Gewinn 
als  gewohnliches  Heizmaterial  zu  verwenden,  wofiir  er  sich  beson- 
ders  gut  eignet,  da  es  absolut  ranch  und  geruchlos  brennt,  einessehr 
geringen  Schornsteinzuges  bedarf,  nur  wenig  durchaus  schlacken- 
freie  Asche,  die  noch  dazu  als  Diingemittel  verwendbar  ist,  hinter- 
lasst  und  sehr  rasch  und  intensiv  anbrennt. 

Als  Anlagekapital  fiir  eine  Anlage  zur  Erzeugung  von  12,000 
tons  Torfkoks  jahrlich  sind  einschliesslich  der  gesamten  Torf- 
maschinerin,  ausschliesslich  der  Grundstiicke  durchschnittlich 
etwa  M  700 . 000. — zu  rechnen,  fiir  eine  Anlage  von  50,000  tons 
jahrlich  etwa  M  1,500,000. 

Es  unterliegt  keinem  Zweifel,  dass  das  beschriebene  Torfver- 
wertungsverfahren  auch  fiir  Amerika  von  grosser  Bedeutung  und 
geeignet  ist,  die  Hebung  der  in  den  grossen  Moorlagern  ruhenden 
ungeheuren  Naturschatze  zu  fordern. 
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THE  BRIQUETTING  OF  AMERICAN  LIGNITES 


By  Charles  L.  Wright 
Engineer  in  Charge  of  Briquetting  Investigations,  U.  S.  Bureau 
of  Mines,  Pittsburgh,  Penn. 


INTRODUCTORY  STATEMENT 

The  industrial  supremacy  of  the  United  States  has  depended 
in  no  small  degree  on  the  extent  of  its  fuels  resources  and  their 
availability  at  prices  low  in  comparison  with  the  price  of  similar 
fuel  in  foreign  countries.  A  small  portion  of  the  total  fuel  re- 
sources of  the  United  States  has  been  used  at  the  present  time,  but 
the  increase  in  the  cost  of  mining,  due  to  increased  wages  and 
other  reasons,  will  in  time  lead  to  a  better  utiHzation  of  all  the 
waste  products  from  the  mining  industry,  and  a  development 
of  the  types  of  fuel  which  are  inferior  to  those  now  in  use  and 
at  present  not  considered  practical  for  fuel  purposes. 

Of  the  five  general  classes  of  fuel,  namely,  anthracite,  bitu- 
minous, sub-bituminous  (also  called  black  lignite),  hgnite  (or 
brown  coal),  and  peat,  the  anthracite  and  bituminous  are  in 
general  use  today  in  the  United  States,  and  the  sub-bituminous 
is  being  used  in  the  West  to  an  increasing  extent,  but  the  lignite 
and  peat  are  at  the  present  time  utilized  only  as  local  fuels  and 
in  a  few  sections. 

In  the  western  and  southern  parts  of  the  United  States  there 
are  large  deposits  of  a  low-grade  fuel  called  lignite,  a  form  of 
brown  coal.  This  lignite  in  its  natural  condition  is  not  suitable 
for  general  use  as  a  fuel  mainly  for  three  reasons.  First,  the  high 
proportion  of  water  or  moisture  in  it  (which  in  some  cases  is  as 
high  as  42  per  cent),  decreases  the  heat  value  of  the  raw  lignite 
to  such  an  extent  that  it  makes  a  very  inefficient  fuel  to  transport 
or  to  use  under  a  boiler.  Second,  on  exposure  to  the  air  for  a  few 
days,  the  lignite  crumbles  or  slacks.  The  lumps  check  and  fall 
into  small  irregular  pieces  that  exhibit  a  decided  tendency  to 
break  into  small  thin  plates.  Hence  the  lignite  deteriorates 
greatly  during  storage  or  long  transportation.    Third,  if  large 
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quantities  of  lignite  are  stored  in  piles,  spontaneous  combustion 
takes  place  much  more  readily  with  this  fuel  than  with  bituminous 
coal.  A  peculiar  property  which  was  noticed  with  a  sample  of 
Hgnite  that  came  under  the  observation  of  the  author  was  that 
spontaneous  combustion  originated  in  a  small  pile  of  dried  lignite 
of  only  three  or  four  tons  in  amount,  which  was  in  a  refuse  pile, 
exposed  to  sun  and  rain.  Apparently  the  moisture  penetrating 
to  the  center  of  this  mass  of  dried  lignite  increased  its  tendency 
to  heat. 

Because  of  its  inferiority  as  a  fuel,  lignite  has  not  up  to  the 
present  time  found  extensive  use  in  this  country.  It  has,  to  be 
sure,  been  used  in  Texas,  North  Dakota,  and  other  States  to  some 
extent  for  a  local  household  fuel,  and  is  rapidly  gaining  favor 
as  a  gas  producer  fuel  in  the  State  of  Texas.  On  the  other  hand 
in  many  localities  in  which  lignite  is  found  in  abundance,  good 
bituminous  fuel  is  sold  at  a  comparatively  high  price  and  for  this 
reason  considerable  interest  has  recently  been  shown  in  the 
briquetting  of  this  hgnite  as  a  means  of  improving  its  heat  value 
and  making  it  available  for  a  household  fuel. 

German  lignite  contains  a  higher  percentage  of  water  than  the 
American  lignite,  the  water  content  of  the  freshly  mined  fuel 
being  from  40  to  60.  German  lignite  is  usually  so  soft  that  it 
can  be  cut  with  a  spade.  Many  lignite  beds  in  Germany  are 
filled  with  logs  and  pieces  of  wood  so  well  preserved  in  the  matrix 
of  partially  carbonized  material  that  they  burn  readily  and  form 
a  cheap  and  abundant  fuel  for  steam  and  other  heating  at  the 
briquetting  plants. 

EXTENT  OF  LIGNITE  RESOURCES  IN  UNITED  STATES 

Mr.  Marius  R.  Campbell  of  the  United  States  Geological 
Survey  estimates  in  1907  the  extent  of  fuel  deposits  of  the  United 
States  to  be  as  follows  •} 


TONNAGE  (SHORT  TONS)  BY  GRADES  OF  COAL  AND 
ACCESSIBILITY 


Kind  of  Coal 

Area  in 
sq.  miles 

Original  Supply 

Easily  accessible 
coal  still 
available 

Amount 
easily  accessible 

Amount  accessible 
with  difficulty 

Anthracite  and 

bituminous  

Sub-bituminous.  .  . 

Total  

250,531 
97,636 
148,609 

496,776 

1,257,766,000,000 
356,707,000,000 
389,545,000,000 

2,004,018,000,000 

505,730,000,000 
293,450,000,000 
354,045,000,000 

1,153,225,000,000 

1,247,672,000,000 
356,594,000,000 
389,534,000,000 

1,993,800,000,000 

1  Mineral  Resources,  1907. 
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A  recent  estimate  made  by  the  Geological  Survey  at  the  request 
of  the  writer,  of  the  hgnite  resources  of  the  various  states  follows, 
and  it  will  be  noticed  that  both  the  area  of  the  lignite  deposits 
and  their  tonnage  are  each  greater  than  was  supposed  in  the 
earlier  estimate  given  above: 


Area  in  Square  Miles 

Estimated  original  lignite  supply  in 

State 

short  tons  both  easily  accessible 

Containing 

May  Contain 

and  accessible  with  diflSculty 

Workable  Beds 

Workable  Beds 

Alabama  

a 

6000 

a 

100 

5900 

90,000,000 

Louisiana  

8800 

a 

a 

7500 

a 

a 

Montana  

33,130 

365,474,700,000 

North  Dakota. . 

29630 

6350 

697,929,400,000 

South  Dakota .  . 

2160 

820 

1,020,300,000 

Tennessee  

1000 

a 

Texas  

2000 

53000 

23,000,000,000 

California  

a 

a 

a 

156,390 

1,087,514,400,000 

a  Data  available  is  insufficient  to  base  an  estimate  on. 


There  are  therefore  over  156,390  square  miles  of  land  in  the 
United  States  underlaid  with  lignite  of  greater  or  less  thickness, 
and  the  estimated  original  supply  of  lignite  both  easily  accessible 
and  accessible  with  difficulty  was  over  a  thousand  bilKon  short 
tons,  of  which  only  a  very  small  fraction  of  one  per  cent  has  been 
used  up  to  the  present  time.  It  will  therefore  be  seen  that  there 
is  a  sufficient  supply  of  lignite  for  many  years. 

There  are  many  deposits  of  lignite  coal  in  the  western  and 
southern  States,  the  most  important  deposits  being  found  in 
Texas,  North  Dakota,  Montana,  and  California.  These  deposits 
vary  in  thickness  from  a  few  inches  up  to  eighty  feet.  Lignite 
is  a  non-coking  fuel,  and,  therefore,  cannot  be  made  into  coke 
in  its  natural  condition,  but  goes  to  pieces  in  a  fire,  breaking  into 
fine  particles  the  size  of  coarse  sand  and  in  this  condition  it  tends 
to  sift  through  the  grate  of  a  stove.  Therefore,  special  furnaces 
are  required  to  burn  the  raw  lignite  properly. 


320        Original  Communications:  Eighth  International  [vol. 


PRODUCTION  AND  VALUE  OF  LIGNITE  IN  UNITED  STATES 

In  the  following  table  is  shown  the  production  and  spot  value 
at  the  mine  of  hgnite  fuel  mined  in  the  United  States  in  1910.^ 


Production 

Average  price 

Field 

in  1910 

per  ton  at  mine 

tons 

1910 

11,164 

$1.64 

North  Dakota  

595,139 

1.49 

Oregon  

67,533 

3.48 

Texas  

881,232 

.87 

BRIQUETTING  OF  LIGNITE 

The  fact  that  Germany  and  other  European  countries  have 
carried  on  the  briquetting  of  hgnite  for  thirty  years  with  success 
leads  one  to  wonder  why  the  United  States  has  not  done  more 
towards  developing  this  material  as  a  source  of  supply.  The  main 
reasons  why  this  has  not  been  done  are:  first,  the  low  price  of 
high-class  American  fuels  compared  with  the  price  of  similar 
fuels  in  foreign  countries.  Second,  until  recently  there  has  been 
only  a  small  demand  for  fuel  in  the  Western  part  of  this  country 
in  which  the  larger  deposits  of  hgnite  are  found. 

BRIQUETTING  TESTS  OF  UNITED  STATES  BUREAU  OF  MINES 

In  connection  with  its  work  of  testing  fuels,  the  United  States 
Technologic  Branch  of  the  United  States  Geological  Survey,  which 
Branch  has  been  made  the  Bureau  of  Mines  by  an  Act  of  Congress, 
investigated  the  briquetting  qualities  of  seven  samples  of  American 
lignite  without  binding  material  with  a  machine  and  equipment 
imported  from  Germany  for  this  purpose,  this  outfit  being 
typical  of  that  used  in  Germany  for  the  production  of  brown 
coal  briquets.  These  experiments  were  carried  on  at  the  Pitts- 
burgh plant  of  the  Bureau.  This  German  lignite  briquettmg 
equipment  was  furnished  by  the  Maschinenfabrik  Buchau  Actien 
Gesellschaft  zu  Magdeburg,  Germany.  As  received  from  the 
maker,  the  plant  included  the  following  equipment:  a  Schulz 

^Compiled  from  data  in  "Production  of  Coal  in  1910"  by  E.  W.  Parker. 
Advance  Chapter  from  Mineral  Resources.   United  States  Geological  Survey. 
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tubular  drier,  a  sorting  sieve,  auxiliary  crushing  rolls,  a  plate 
type  cooler,  a  screw  conveyer,  a  large  storage  hopper,  a  briquetting 
press  directly  connected  to  steam  engine,  apparatus  for  conveying 
the  briquets,  shafting,  hangers,  and  extra  sets  of  dies  for  the  press. 
To  complete  the  plant,  the  Survey  erected  a  coal  elevator,  crushing 
rolls,  and  the  necessary  belting  and  piping  in  addition  to  the 
buildings  and  stacks.  The  building  used  to  house  the  briquetting 
equipment  had  a  steel  frame  enclosed  with  curtain  walls  of  re- 
inforced concrete  two  inches  thick,  and  concrete  floors.  It  was, 
therefore,  very  nearly  fire-proof. 

A  description  of  the  equipment  and  tests  may  be  found  in 
Bulletin  14,  United  States  Bureau  of  Mines,  entitled  ' 'Briquetting 
Test  of  Lignite  at  Pittsburgh"  by  the  author  of  this  article  and, 
therefore,  details  need  not  be  included  here. 

This  series  of  investigations  was  made  on  the  German  machine 
without  the  use  of  any  artificial  binder,  the  natural  inherent  bitu- 
men of  the  lignites  jdelding  the  binding  material.  Therefore 
those  lignites  which  were  not  made  into  good  briquets  in  this 
series  of  experiments  may  possibly  be  made  into  excellent  briquets 
in  a  machine  adapted  to  working  with  artificial  binders.  Cer- 
tainly there  is  opportunity  for  further  experiment  in  this  direction, 
and  it  is  to  be  hoped  that  the  Bureau  of  Mines  may  be  able  to 
conduct  tests  of  hgnite  with  various  binding  materials  on  other 
types  of  presses  than  the  German  one  used  on  the  tests  mentioned. 

A  brief  description  of  the  German  briquetting  press  and  the 
method  of  applying  pressure  should  be  included  here.  This 
lignite  press  which  as  mentioned  above  is  typical  of  those  used 
in  Germany  for  briquetting  Hgnite  without  binders,  is  of  the  open 
mould  type  and  pressure  is  developed  by  forcing  lignite  through 
a  gradually  decreasing  opening  or  tube  three  feet  long.  This 
press  was  built  to  give  a  working  pressure  of  from  14,000  to  28,000 
pounds  per  square  inch  and  as  the  area  of  the  surface  of  the 
briquet  was  approximately  15.5  square  inches,  the  total  pressure 
developed  by  the  machine  was  217,700  to  435,400  pounds.  The 
capacity  of  the  press  was  about  3.8  tons  per  hour,  but  varied 
with  different  lignites  according  to  the  ease  with  which  they 
could  be  briquetted,  this  factor  governing  the  speed  at  which 
the  press  could  be  run.    The  speed  varied  from  60  to  120  revolu- 
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tions  a  minute,  the  latter  figure  being  the  rated  speed  of  the 
machine  when  working  on  German  Ugnites. 

All  lignite  was  shipped  from  the  mines  to  the  plant  in  box  cars 
to  eliminate  as  far  as  possible  any  weathering  of  the  fuel  on  the 
road.  At  the  plant,  the  lignite  was  stored  in  covered  bins  and  a 
quantity  sufficient  for  a  test  (three  or  four  tons)  was  prepared 
for  pressing  by  elevating,  crushing,  drjang  and  cooling. 

ANALYSES  OF  AMERICAN  LIGNITES  TESTED  BY  THE  UNITED  STATES 

BUREAU  OF  MINES 

In  the  following  table  are  shown  the  localities  from  which 
samples  of  lignite  have  been  obtained  for  briquetting  tests  and 
their  proximate  analyses  as  taken  from  the  mine. 


PROXIMATE  ANALYSES  AND  HEAT  VALUE  OF  LIGNITES 


Field  No. 

P-7 

P-8 

P-9 

P-u 

P-13 

P-15 

P-14 

State 

Texas 

Texas 

Texas 

North 
Dakota 

North 
Dakota 

North 
Dakota 

Cali- 
fornia 

County 

Milam 

Medina 

Rob- 
ertson 

Bowman 

Stark 

Ward 

Amador 

Locality 

Rockdale 

Lytle 

Calvert 

[Scranton 

Lehigh 
mine 

Vander- 
water 

lone 

Laboratory  No  .  . 
Air  drying  loss. .  . 

Moisture  

Volatile  matter. . . 
Fixed  carbon .... 

Ash  

Sulphur  

Heat  value  B.t.u . 
CS2  Extract 
(Dry  sample) . . 

7,270 
31.50 
35.30 
26.22 
29.58 
8.90 
.76 
6,898 

L20 

7,330 
24.20 
32.92 
27.42 
27.08 
12.58 
1.46 
6,840 

2.01 

7,403 
29.30 
34.33 
25.94 
30.93 
8.80 
.95 
7,214 

1.24 

7,499 
36.00 
41.43 
23.86 
28.45 
6.26 
.74 
6,241 

1.72 

7,537 
37.80 
42.04 
23.40 
27.67 
6.89 
.68 
6,079 

1.43 

7,587 
28.90 
36.64 
22.64 
30.74 
9.98 
.45 
6,394 

1.08 

7,621 
32.30 
39.46 
29.50 
17.55 
13.49 
.97 
6,080 

7.60 

RESULTS  OF  LIGNITE  BRIQUETTING  TESTS  MADE   BY  UNITED 
STATES  BUREAU   OF  MINES 

As  a  result  of  the  tests  made  by  the  Bureau  of  Mines,  it  was 
found  that  briquets  could  be  made  by  the  German  method  without 
binder  of  lignite  from  the  following  localities: 
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Lytle,  Medina  Co.,  Texas.  Satisfactory  briquets  made,  but 
difficult  to  briquet. 

Scranton,  Bowman  Co.,  N.  D.    Satisfactory  briquets  made. 

Lehigh,  Stark  Co.,  N.  D.  Difficult  to  briquet  but  some  fair 
briquets  were  made  from  it. 

lone,  Amador  Co.,  California.    Excellent  briquets  easily  made. 

Lignites  from  the  following  localities  were  not  briquetted  with- 
out binder  on  the  German  press  by  the  tests  of  the  Bureau  of 
Mines,  but  in  some  cases  the  amount  of  the  sample  was  too  small 
to  determine  with  accuracy  whether  or  not  the  lignite  could  be 
briquetted  by  this  method. 

Rockdale,  Texas.    Sample  insufficient. 

Calvert,  Texas.    No  satisfactory  briquets  made. 

Vanderwalker,  N.  D.    No  satisfactory  briquets  made. 

Since  maldng  the  tests  described  above  on  the  German  press  with- 
out binder,  tests  have  been  made  on  the  hydrauHc  hand  laboratory 
press  of  the  Bureau,  using  various  binders  with  some  of  the  Hgnites 
which  were  not  briquetted  without  binder  as  easily  as  they  should 
be  to  be  practical,  and  the  indication  of  the  laboratory  tests  are 
that  the  follo^ving  lignites  can  be  made  into  satisfactory  briquets 
with  the  per  cent  of  binder  given  as  the  minimum  amount  that 
will  make  briquets  for  practical  purposes. 


Binder 


Sample  from 

Amount 

Kind 

Vanderwalker,  N.  D. 

6% 

Water  gas  pitch 

Vanderwalker,  N.  D. 

3% 

Flouri 

Vanderwalker,  N.  D. 

8% 

Cell  pitch  not  sufficient 

Calvert,  Texas 

5% 

Water  gas  pitch 

Calvert,  Texas 

2% 

Flouri 

Calvert,  Texas 

8% 

Cell  pitch! 

The  results  of  these  laboratory  tests  require  checldng  on  a  larger 
scale  before  it  is  possible  to  be  entirely  sure  that  the  percentages 
of  binders  used  would  be  sufficient  to  make  satisfactory  briquets. 

>0f  course  briquets  were  not  water-proof. 
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RESULTS  OF  UNITED  STATES  BUREAU   OF  MINES  LIGNITE 
BRIQUETTING  TESTS 

Heating  Values 

The  following  table  shows  how  the  heating  value  of  lignite 
is  increased  by  the  removal  of  moisture  during  briquetting. 
Improvement  of  heat  by  briquetting. 


Source 

Field 
Designation 

Moisture 

Heat  Value  per  Pound 

In  Raw 
Lignite 

In 

Briquets 

Removed 

Raw 
Lignite 

Briquets 

Increase 

Texas  

PittB.  No.  11 

Pitts  No.  8 
Pitts.  No.  13 
Pitts.  No.  14 

Per  cent 

33.0 
40.0 
42.0 
40.0 

Per  cent 

9.0 
12.0 
10.0 
10.0 

Per  cent 

24.0 
28.0 
32.0 
30.0 

B.t.u. 

6,840 
6,241 
6,079 
6,080 

B.t.u. 

9,336 
9,354 
9,355 
9,264 

Per  cent 

36.5 
50.0 
54.0 
52.4 

N.  Dakota.  . 
N.  Dakota.  . 
California. .  . 

Of  the  four  samples  of  raw  Hgnite  named  in  the  table,  the  three 
containing  about  40  per  cent  of  moisture  had  a  fuel  value  of 
6,079  to  6,241  B.t.u.,  while  the  Texas  lignite  with  a  moisture  content 
of  33  per  cent,  had  a  fuel  value  of  6,840  B.t.u.  The  percentage 
of  moisture  removed  in  the  process  of  briquetting  ranged  from 
24  to  32  per  cent,  and  the  heat  value  of  the  briquets  was  36.5 
to  54  per  cent  higher  than  that  of  the  raw  Hgnites. 

Excessive  moisture  in  fuel  not  only  causes  a  waste  of  useful 
heat  during  combustion,  because  the  moisture  is  vaporized  and 
the  vapor  superheated,  but  also  is  a  source  of  expense  to  the  con- 
sumer, who  pays  freight  charges  on  useless  water.  For  both 
these  reasons  lignite  briquets  have  the  advantage  over  raw  Hgnite. 
In  the  case  of  one  of  the  North  Dakota  lignites  the  removal  of  32 
per  cent  of  moisture  during  briquetting  permits  a  decided  lessening 
of  the  cost  of  supplying  a  consumer  with  a  given  number  of  heat 
units.  The  advantage  of  the  briquets  in  this  respect  is  of  special 
importance  when  transportation  to  a  distant  market  is  involved. 
If  the  briquets  possessed  no  other  advantage  over  raw  Hgnite  than 
their  higher  heat  value,  they  would  be  worth  50  per  cent  more  than 
the  raw  fuel.  The  table  shows  that  the  average  heat  value  of  the 
different  lots  of  briquets  was  about  9,300  B.t.u.  in  each  case, 
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although  the  lignites  from  which  they  were  made  came  from  three 
States  widely  separated,  and  the  heat  values  of  the  raw  fuel  varied 
considerably. 

RESISTANCE  TO  WEATHERING 

The  results  of  the  weathering  tests  indicate  that  the  lignite 
briquets  resist  weathering  much  better  than  the  raw  fuel.  Some 
samples  of  briquets  after  exposure  to  autumn  and  winter  weather 
for  four  months  were  in  nearly  as  good  condition  as  at  first. 
Samples  stored  under  cover  did  not  show  any  signs  of  deteriora- 
tion after  six  months,  although  the  raw  lignite  stored  under  the 
same  conditions  turned  to  slack  in  two  months. 

RESISTANCE  TO  HANDLING 

The  briquets  bear  handling  better  than  the  raw  lignite.  Their 
superiority  is,  of  course,  more  striking  after  the  lignite  and  the 
briquets  made  from  it  have  been  stored  for  several  weeks. 

EFFICIENCY  AS  FUEL 

Preliminary  results  of  producer  gas  and  steaming  tests  indicate 
that  as  gas-producer  fuel  the  briquets  were  43  per  cent  more 
efficient  and  as  boiler  fuel  were  14.5  per  cent  more  efficient  than 
the  raw  lignite. 

WORK  OF  NORTH  DAKOTA  EXPERIMENT  STATION 

The  State  of  North  Dakota  has  lately  interested  itself  in  the 
development  of  its  lignite  resources  to  the  extent  of  passing  laws 
requiring  all  its  public  schools  to  use  lignite  for  heating  wherever 
possible. 

In  that  State  also  an  experimental  plant  has  been  estabhshed 
at  Hebron  by  act  of  legislature  as  a  sub-station  of  the  mining 
engineering  department  of  the  University  of  North  Dakota  to 
''foster  the  development  of  mineral  and  allied  industries  by 
providing  for  experimentation,  encouragement,  publicity,  and 
practical  tests,"  etc.,  and  the  investigations  have  been  started 
by  Prof.  E.  J.  Babcock  of  the  gas  maldng  and  briquetting  qualities 
of  the  Hgnites  of  the  State.  Briefly  the  method  he  has  developed 
is  to  distil  the  raw  lignite  in  retorts,  saving  the  gas,  tar  and  am- 
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monia  and  briquetting  the  residue  from  the  retort  with  a  com- 
posite binder  of  coal-tar  pitch  and  a  starchy  material.  In  a 
letter  of  recent  date  he  states  that  at  the  present  time  there  is 
no  commercial  briquetting  plant  in  the  State  of  North  Dakota, 
although  there  have  been  numerous  promotion  schemes  projected 
from  time  to  time  within  the  State,  but  these  in  nearly  if  not  every 
case  have  been  purely  paper  promotion  projects.  They  have 
had  no  legitimate  basis  for  their  existence  and  have  never  even 
gone  so  far  as  to  really  attempt  earnestly  to  establish  a  plant. 
Further  he  states  that  none  of  the  various  processes  which  have 
been  hitherto  suggested  for  the  treatment  of  North  Dakota  lignite 
have  been  adapted  to  the  needs  of  a  successful  briquetting  in- 
dustry. As  a  result  of  his  research  he  has  come  to  beUeve  that 
North  Dakota  Hgnite  could  not  be  made  of  very  great  com- 
mercial value  except  in  the  immediate  vicinity  of  the  mines  unless 
it  could  be  raised  to  a  higher  fuel  value  so  that  it  would  compare 
more  nearly  with  other  standard  coals,  and  so  that  it  would  stand 
long  exposure  to  the  weather  without  slacking  and  would  stand 
up  in  the  fire  and  burn  also  without  slacking.  To  accomplish 
this  purpose,  he  has  developed  a  method  of  removing  and  saving 
the  gas  and  other  by-products  and  briquetting  the  residue,  which 
has  a  high  fuel  value  but  which  does  not  coke,  and  would,  there- 
fore, be  worthless  unless  briquetted.  He  also  states  that  this 
residue,  however,  when  briquetted  becomes  a  splendid  fuel, 
nearly  equal  in  heat  value  to  the  average  anthracite,  and  these 
briquets  stand  the  weather  and  retain  their  form  almost  perfectly 
while  burning.  By  this  method  by-products  and  the  gas  are  saved 
and  the  gas  has  excellent  heating  and  lighting  properties  when  used 
with  the  mantle.  Also  his  type  of  briquet  is  strong,  stands  weather- 
ing and  shipping  well,  and  is  of  such  high  heat  value  that  the 
product  can  be  transported  to  a  considerable  distance  and 
marketed  at  a  profit. 

In  his  bulletin  it  is  stated  that  the  gas  obtained  has  a  heat 
value  of  about  400  heat  units  per  cubic  foot  and  the  briquets  made 
from  the  residue  average  in  heat  value  about  12,000  to  12,500 
heat  units,  or  about  the  same  as  anthracite  coal. 
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COST  OF  BRIQUETTING  LIGNITE 

The  cost  of  briquetting  lignite  should  be  considered  under  two 
heads;  namely, 

(a)  Cost  of  briquetting  without  binder  by  the  German  method. 
(6)  Cost  of  briquetting  with  binder  on  low  pressure  machines. 


COST  OF  PRODUCTION 

For  One  Two-Press  Plant  Capacity  120  Long  Tons  of  Briquets 
IN  24  Hours  or  3000  Tons  per  Month 


Item 


1.  Interest  and  depreciation: 

(a)  Interest  5%  on  $111,000  

lb)  Depreciation:  10%  of  $66,000,  machinery  and 

equipment .  

5%  of  $45,000,  building  

2.  Raw  Lignite: 

(a)  Lignite  for  1  riquetting 

(for  1  ton  briquets  68  bu.  at  1.05  cents  per  bu.)  

(6)  Lignite  for  boiler  fuel, 

(for  1  ton  briquets  34  bu.  at  1.05  cents  per  bu.)  

Total— 102  bu.  at  1.05  cents  or  monthly  3000  x  102 
X  1.05  cents  

3.  Labor  for  24  hours  (2  shifts) : 

2  engineers  at         83.3  cts.  $1.66 

2  firemen  83.3  cts.  1.66 

1  ash  remover         71.4  cts.  .71 

3  coal  passers  83.3  cts.  2.50 
8  drier  fillers  83.3  cts.  6.66 

2  pressmen  83.3  cts.  1.66 
1  machinist  83.3  cts.  .63 

12  boys  for  loading 

and  piUng  53.3  cts.  6.40 

31  men  Total  22.08  per  day 

x25 

?weTghman    }  at  $47.60  per  month  

34  men  total 

4.  Oil,  waste,  and  lighting  material  

5.  Repairs,  maintenance,  etc  

Total  


Monthly 


$462.00 

550.00 
188.00 


3215.00 


552.00 


142.80 


176.00 
125.00 


The  cost  of  briquetting  without  binder  by  the  German  method 
will  of  course  vary  to  some  extent  with  the  locality  where  the  plant 
is  located.    The  fact  that  Ugnite  is  high  in  moisture  makes  it 
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even  more  imperative  that  a  plant  for  briquetting  lignite  should 
be  located  at  the  mine  than  in  the  case  of  a  plant  for  briquetting 
bituminous  or  anthracite  coals,  as  latter  type  of  plants  may  fre- 
quently be  located  to  better  advantage  away  from  the  m^ines  near 
the  point  of  consumption  of  the  briquetted  fuel. 

In  considering  the  cost  of  briquetting  lignite  without  binder, 
it  will  be  best  io  first  study  actual  figures  obtained  in  a  plant 
operated  in  Germany. 

In  Germany  from  one  and  one-half  to  two  tons  of  raw  lignite 
are  required  to  make  one  ton  of  briquets. 

Mr.  G.  Franke  in  his  ''Handbuch  der  Brikettbereitung"  gives 
figures  (from  which  the  foregoing  was  translated),  on  the  cost 
of  briquetting  lignite  in  a  German  plant  having  two  presses  and 
a  capacity  of  120  long  tons  per  day  of  24  hours.  The  German 
weights  and  costs  have  been  converted  into  American  units  for 
easier  comparison. 

Hence  the  briquetting  cost  is  approximately  $1.80  per  ton  of 
briquets  in  Germany. 

The  main  item  in  the  cost  of  briquets  in  Germ.any  is  the  cost 
of  the  raw  lignite  and  amounts  to  from  55  to  70  per  cent  of  the 
total  cost  according  to  a  German  authority. 

Considering  now  the  equivalent  briquetting  cost  in  the  United 
States,  using  an  imported  German  machine  and  the  equipment 
necessary,  all  imported,  there  will  have  to  be  added  to  the  German 
cost  of  $66,000  a  duty  of  45  per  cent  under  the  present  tariff  which 
will  amount  to  $29,700  or  approximately  $30,000.  The  total 
cost  of  the  machinery  would  then  be  $96,000. 

The  cost  of  building  would  no  doubt  be  less  here  than  in  Ger- 
many, as  it  is  not  customary  to  provide  as  elaborate  a  building 
here  for  industrial  purposes  as  it  is  in  Germany.  Again  probably 
much  of  the  auxiliary  equipment  to  the  press  could  be  bought 
in  the  United  States  at,  at  least,  as  low  a  cost  as  in  Germany.  On 
the  other  hand,  more  conveyors  and  elevators  would  be  found 
economical  in  this  country  where  labor  is  higher,  than  abroad. 

The  cost  of  a  two  press  briquetting  plant,  equipped  'v\dth  German 
presses  and  driers  but  in  which  American  auxiliary  equipment 
is  used  and  all  housed  in  an  American  style  of  mill  building  of 
steel  and  concrete  walls,  should  not  exceed  $100,000.    Such  a 
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plant  would  have  a  capacity  of  about  100  tons  of  briquets  per 
day  of  20  hours  or  2500  tons  per  month  of  25  worldng  days.  Then 
the  cost  of  production  in  America  would  be  somewhat  as  follows: 


COST  OF  PRODUCTION  IN  UNITED  STATES. 

Plant  with  Two  Geeman  Presses  and  American  Equipment;  Capacity 
OF  Plant  100  Tons  per  20  Hours  or  2500  Tons  per 
Month  of  25  Working  Days 


1.  Interest  and  depreciation : 

(a)  Interest  5%  on  $100,000  

(h)  Depreciation:  10%  on  $75,000,  machinery  and 

equipment  

5%  on  $25,000,  buildings  

2.  Raw  Lignite: 

(a)  For  briquetting  1.5  tons  for  1  ton  briquets  at  $1.50 
per  ton  

(6   Lignite  for  boiler  fuel  0.5  ton  for  each  ton  briquets 

at  $1.50  per  ton  

Total,  2  tons  at  $1.50,  or  monthly,  3000  x  2  x  $1.50 

3.  Labor  for  20  hours  (2  shifts) 

2  ngineers-pressmen  at  $3.00  $6.00 
2  firemen  at  1.75  3.50 

2  coal  unloaders  at  1.75  3.50 

2  briquet  loaders  at  1.75  3.50 

2  roustabouts  at  1.75  3.50 

1  machinist  at  3.00  3.00 

11  men  —  tot  1  pay  per  day  $23.00 

23  X  23  575.00 

1  clerk  or  weighman  at  $50  per  month .  .  50.00 

4.  Oil  waste  and  light  

5.  Repairs,  maintenance  

Total  


Monthly 


$417.00 

625.00 
104.00 


9000.00 


625.00 
100.00 
125.00 


The  cost  of  briquets  made  in  the  United  States  of  hgnite  costing 
SI. 50  per  ton  at  the  mines  would  be  about  $3.88  per  ton.  Of 
this  figure  the  cost  of  the  raw  hgnite  for  maldng  the  briquet  and 
for  boiler  fuel  at  the  briquetting  plant  w^ould  be  about  $3,  leaving 
a  briquetting  cost  exclusive  of  the  cost  of  raw  fuel  of  88  cents, 
or  the  cost  of  the  raw  fuel  was  77  per  cent  of  the  total  cost. 

Using  the  figures  given  in  the  first  part  of  this  article  under  the 
cost  of  hgnite  at  the  mines  in  1910,  we  find  that  in  Texas  where 
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the  price  of  lignite  at  the  mine  averaged  87  cents  per  ton,  the  cost 
of  briquets  (if  Texas  Hgnite  can  be  briquetted  by  this  process) 


would  be : 

2  tons  lignite  at  87  cents   $1.74 

Briquetting  costs  88 

Total   $2.62 

In  North  Dakota  like^vise  the  cost  of  briquet  per  ton  would  be: 

2  tons  lignite  at  $1.49   $2.98 

Briquetting  costs  88 

Total   $3.86 

In  California  also  the  cost  of  briquets  per  ton  would  be: 

2  tons  lignite  at  $1.64   $3.28 

Briquetting  costs  88 

Total   $4.16 


As  the  above  figures  are  based  on  the  value  of  the  lignite  at 
the  mine,  the  cost  of  the  lignite  and  therefore  the  cost  of  briquets 
would  be  somewhat  less  if  the  briquetting  was  done  by  the  operator 
of  the  mine  as  the  raw  material  used  might  include  slacked  lignite 
which  would  generally  be  considered  valueless  at  a  lignite  mine. 
However,  the  above  figures  are  conservative. 

Estimates  made  two  years  ago  in  a  bulletin  of  the  Bureau  of 
Mines  of  the  cost  of  briquets  made  in  a  one-press  plant  with 
lignite  at  the  price  in  1907  were  per  ton  of  briquets  as  follows: 

For  Texas   $2.51 

For  North  Dakota   3.53 

For  California   5.24 

The  variation  between  these  figures  and  those  given  in  the  esti- 
mate above  is  due  (a)  to  difference  in  size  of  plant  for  what  they 
were  figured,  and  (6)  difference  in  prices  of  fuel. 

From  a  comparison  of  the  cost  of  briquets  made  in  Germany 
with  the  cost  as  made  in  the  United  States,  it  will  be  noticed  that 
the  briquetting  cost  in  Germany  exclusive  of  the  raw  fuel  used 
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is  approximately  73  cents  per  ton  of  briquets  and  in  the  United 
States  it  is  88  cents  per  ton.  This  increased  price  in  the  United 
States  is  due  to  the  increased  cost  of  labor  in  the  latter  country 
and  the  shorter  working  hours  (ten  instead  of  twelve  in  Germany) 
and  would  be  higher  still  if  it  were  not  for  the  fact  that  less  labor 
would  be  required  in  the  United  States,  on  account  of  the  greater 
efficiency  per  man  and  the  use  of  mechanical  handling  of  materials. 

Again  it  will  be  noticed  that  the  cost  of  raw  lignite  to  produce 
one  ton  of  briquets  costs  in  Germany  $1.07,  while  in  the  United 
States  the  equivalent  amount  costs  $3  or  nearly  three  times  as 
much. 


Price 

Location 

Kind  of 

Size  or 

Weight 

briquet 

shape 

W  holesale 

Retail 

(Inches) 

Dresden, 

Brown  coal 

$1.19-1.178  M 

$.15-.20  ' 

Saxony 

per  hund. 

Bituminous 

5x3x5 

1.5-1.6  lb 

3.68-8.80  M 

.38-.77  per  hund. 

Basel, 

Anthracite 

$9.10  per  ton 

Switz. 

Brown  coal 

7.50  per  ton 

Hamburg, 

Bituminous 

About  6  lbs. 

$4.87  per  ton 

Germany 

Saxon  br.  coal 

About  6^  lbs 

4.04  per  ton 

Glasgow, 

Bituminous  (?) 

6x4x3^ 

3.28  to  3. .52 

4.25-4.38 

Scotland 

per  ton 

per  ton 

Roubaix, 

Bituminous  (?) 

Cubes 

7.33  per  ton 

France 

Large  egg 

7.33  per  ton 

Small  egg 

7.72  per  ton 

flavre, 

Bituminous 

Large 

5.40  per  ton 

7.53  per  ton 

France 

Perforated 

5.60  per  ton 

7.91  per  ton 

Paris, 

Bituminous 

Egg 

9.65  per  ton 

France 

Perforated 

10.80  per  ton 

SoUd 

9.26  per  ton 

Frankfort, 

Anthracite 

12x8x6 

4.60  per  ton 

Germany 

Anthracite 

Egg 

5.00  per  ton 

Brown  coal 

with  5%  coa 

tar  and  asphalt 

earth 

7x5x2 

1  lb. 

2.90  per  ton 

3.25  per  ton 

Bituminous 

12x8x6 

About  10  lbs. 

4.00  per  ton 

4.40  per  ton 

Mixture  of  bit- 

uminous coal. 

brown  coal  and 

tar 

2.93  per  ton 

Strettin, 

Brown  coal 

6x2x1 

1.3  lbs. 

4.05  per  ton 

5.25  per  ton 

Germany 

Bituminous 

6x4x2§ 

About  3  lbs. 

4.52  per  ton 

5.75  per  ton 

Kehl, 

Brown  coal 

3.85  per  ton 

Germany 

Bituminous 

4.55  per  ton 

5.27  per  ton 

Rotterdam, 

Charcoal 

6.83  per  ton 

Holland 

Bituminous 

5.63  per  ton 

Brown  coal 

4  82  per  to 

5.43  per  ton 

1 

A  consular  report  states  that  in  1908  the  average  cost  of  the  | 
lignite  used  for  briquetting  in  Germany  was  44  cents  per  ton,  and  ; 
that  the  average  amount  of  lignite  used  per  ton  of  briquets  was  ^ 
2.12  tons;  also  the  average  value  of  the  briquets  made  by  the  dry  j 
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process  was  S2.19  per  ton  of  briquets.  At  44  cents  a  ton  the  2.12 
tons  of  lignite  used  would  cost  a  little  over  93  cents.  The  differ- 
ence between  this  figure,  93  cents,  and  the  value  of  a  ton  of  briquets, 
$2.19,  or  $1.26,  would  be  the  average  cost  of  briquetting  lignite 
in  Germany  on  a  large  commercial  scale. 

In  studying  the  practicability  of  lignite  briquets  for  American 
markets,  it  is  interesting  to  note  the  prices  at  which  they  are 
sold  in  Europe,  and  therefore  the  foregoing  table  is  presented,  the 
data  of  which  was  obtained  from  Consular  reports  of  1907.  For 
comparative  purposes  the  price  of  other  types  of  briquets  is  also 
included. 

ESTIMATE  OF  THE  COST  OF  BRIQUETTING  AMERICAN  LIGNITE  WITH 
BINDING  MATERIAL 

The  cost  of  briquetting  lignite  in  the  United  States,  using  a 
binding  material,  will  of  course  vary  according  to  the  kind  of 
binding  material  used  and  the  locality  in  which  the  briquetting 
is  done.  For  comparison  of  this  method  of  briquetting  lignite 
with  that  given  in  the  previous  estimate  where  no  binder  was 
used,  the  following  estimate  may  be  of  interest: 


1.  Fixed  charges: 

(a)  Interest  on  investment  6%  on  $75,000  

10%  on  $50,000  (machinery)  

(6)  Depreciation  5%  on  $25,000  (buildings,  etc.) .  . . 

2.  Labor: 

2  engineer-pressmen  at  $3.00  $6.00 
2  firemen  at  2.00  4.00 

2  binder-men  at  2.00  4.00 

6  laborers  at  1.75  10.50 

12  men       Total  $24.50 

$24.50x25  

1  clerk  or  weigher  at  $50.00  

3.  Oil,  waste  and  light  

4.  Repairs,  maintenance,  etc  

5.  Binder  6%  at  $12  of  5000  tons  

Total  briquetting  cost  


Per 
month 


$375.00 
417.00 
104.00 


612.00 
50.00 
50.00 

100.00 


3600.00 


Per  ton 
briquets 


$0,179 


0.133 

0.010 
0.020 

0.342 
.720 

$1,062 
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Assumption : 

Capacity  of  plant  200  tons  per  day  of  20  hours. 

Capacity  of  plant  5000  tons  per  month  of  25  days. 

Capacity  of  plant  60,000  tons  per  year. 

Plant  operated  2  shifts  of  10  hours  each  per  day. 

Cost  of  plant : 

Machinery  $50,000.00 
Building  and  tracks  25,000.00 


$75,000.00 

Cost  of  binder  $12.00  per  ton 

COST  OF  LIGNITE  BRIQUETS  USING  BINDER 

The  cost  of  briquetting  lignite  using  a  binder,  would,  from 
above  estimate,  be  approximately  as  follows  in  the  States  men- 
tioned below: 


Locality 

Value  of 
raw  fuel 
per  ton 

Tons  of 
raw  lignite 
per  ton 
briquets 

Total 
cost  of 
raw  fuel 

Briquetting 
cost 

Cost  of 
briquets 

per  ton 
at  plant 

Texas  

S0.87 

2 

$1.74 

$1.06 

$2.80 

North  Dakota .  . . 

1.49 

2 

2.98 

1.06 

4.04 

California  

1.64 

2 

3.28 

1.06 

4.34 

SUMMARY 

Investigations  have  shown  therefore  that  certain  classes  of 
lignites  can  be  briquetted  without  binder,  and  in  that  form  are 
much  superior  to  the  raw  fuel  from  which  they  were  made,  although 
not  equal  in  fuel  value  to  the  higher  grades  of  bituminous  and 
anthracite  coals.  Also  lignite  briquets  made  without  binder  do 
not  hold  together  in  the  fire  as  well  as  those  made  with  a  binder, 
nor  do  they  resist  the  effects  of  moisture  as  well. 

On  the  other  hand,  briquets  made  without  binder  supply  to  a 
large  extent  the  household  fuel  in  Germany,  and  so  must  be  con- 
sidered a  practical  success  there.  Also  briquets  so  made  resist 
weathering  much  better  than  the  raw  lignite,  have  higher  heat 
value,  are  uniform  in  size,  permitting  regular  firing,  and  can  be 
stored  for  a  considerable  time  without  serious  deterioration. 
Again  a  plant  making  lignite  into  briquets  without  binder  is  not 
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dependent  on  a  supply  of  binding  material  and  this  is  a  very 
important  consideration  for  a  plant  located  in  an  out-of-the-way 
district  to  which  binder  would  have  to  be  brought  from  a  long 
distance. 

It  must  be  remembered,  however,  that  all  lignites  are  not 
suitable  for  briquetting  without  binder  and  therefore  those  requir- 
ing a  binder  to  agglomerate  them  are  not  considered  in  the  above 
comparison  of  the  relative  merits  of  briquets  made  with  and  with- 
out binder. 

Unquestionably,  briquetting  improves  the  fuel  value  of  any 
lignite  and  makes  it  possible  for  it  to  compete  with  bituminous 
and  anthracite  coals  as  a  fuel  for  household  use  in  districts  ad- 
jacent to  lignite  deposits. 

It  requires  further  investigation  to  determine  whether  Texas 
lignite  can  be  briquetted  commercially  without  binder  or  not, 
but  results  so  far  obtained  by  the  Bureau  of  Mines  indicate  that 
binder  will  be  required  to  make  entirely  satisfactory  briquets 
of  lignite  from  that  locality. 

North  Dakota  and  California  lignites,  on  the  other  hand, 
possess  excellent  briquetting  quahties  and  probably  can  be  bri- 
quetted without  binder  if  it  is  found  desirable  to  utihze  them  in 
this  way,  that  is,  if  a  market  be  developed  for  this  type  of  briquet. 

The  North  Dakota  and  California  lignites  can  probably  be 
made  into  better  commercial  briquets  to  meet  American  con- 
ditions, by  the  addition  of  binder  which  will  permit  of  different 
shaped  briquets  being  made,  which  will  stand  up  in  the  fire  better 
and  withstand  the  effects  of  weather  better  than  those  made  by 
the  German  binderless  process. 

There  is  without  question  lignite  in  other  localities  than  Texas, 
North  Dakota  and  California  which  will  equal  them  in  briquetting 
qualities,  but  at  present  time  no  extensive  investigations  have 
been  made  of  other  lignites  than  those  mentioned  above. 

With  fuels  at  their  present  prices  in  North  Dakota,  it  appears 
feasible  for  hgnite  briquets  made  in  that  State  to  compete  with 
other  fuels  used  there,  but  it  is  doubtful  if  the  same  may  be  said 
of  the  Texas  and  Cahfornia  fields  where  fuel-oil  and  high-grade 
fuel  in  adjacent  States  make  the  outlook  for  the  commercial 
success  of  briquetting  less  roseate. 


UEBER  DIE  BILDUNG  DES  ASPHALTES  IN 
ERDOLEN 
Von  R.  Zaloziecki  und  C.  Zielinski 
Lemberg,  Galicia,  Austria 


Vor  Jahren  hat  einer  von  uns  Zaloziecki  bei  der  Einwirkung 
von  Schwefelsaure  verschiedenen  Grades  direkt  auf  rohes  Erdol 
eine  Bildung  des  Asphaltes,  die  auf  Polymerisations — und  Kon- 
densationser — scheinungen  zuruckzufiihren  ist,  beobachtet.  Es 
lag  nahe  zu  untersuchen,  ob  nicht  auch  andere  Korper  mit  kon- 
densier  baren  Eigenschaften  dieselben  Wirkungen  ausiiben  konn- 
ten.  In  der  Tat  hat  sich  diese  Voraussetzung  bestatigt,  und 
es  hat  sich  gezeigt,  dass  man  Asphalt,  oder  richtiger  gesagt  as- 
phaltartige  Korper  auf  diesem  Wege  aus  dem  Erdol  erzeugen 
kann  und  dass  mineralische  Substanzen  dem  Erdol  gegeniiber 
asphaltbildende  Eigenschaften  besitzen.  Wir  haben  in  dem 
Sinne  eine  Reihe  von  Kondensationsmitteln  unter  verschiedenen 
Bedingungen  gepriift  und  hiebei  nachfolgende  Resultate  erzielt. 

Der  Untersuchung  wurde  das  Rohol  aus  Wankowa-Brelikow, 
einer  Grube  in  ZentralgaHzien  unterworfen.  Das  Rohol  hatte 
ein  spec.  Gew.  von  0.8539  bei  15°  C.  einen  Paraffingehalt  von 
1.54%,  die  elementare  Zusammensetzung : 


und  was  die  Hauptsache  ist,  es  enthielt  keinen  Asphalt,  denn  die 
Alkohol-Aetherprobe  ergab  ein  vollstandig  negatives  Resultat. 

Dieses  Rohol  wurde  in  solchem  oder  in  entbenziniertem  Zus- 
tande  mit  gepulverten  kondensierbaren  Substanzen,  gewohnlich 
5%  auf  20  gr.  Rohol  zusammengebracht  und  der  Einwirkung 
iiberlassen  a.  unter  Lichtabschluss;  b.  unter  Lichteinfluss  beide 
Male  in  gewohnlicher  Temperatur;  c.  unter  Erwarmung  auf 
dem  Wasserbade  und  d.  durch  Erhitzung  im  geschlossenen  Rohr. 


Sauerstoff  (Diff) 


Kohlenstoff 
Wasserstoff 
Schwefel  . 


85.29% 
14.41% 
.0.19% 
•0.11% 
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Wo  es  anging  wurde  ofters  geschiittelt  oder  gemischt.  Nach 
vollzogener  Einwirkung  wurde  der  Inhalt  der  Gefasse  stark  mit 
Petroleumbenzin  vom  spec.  Gew.  ungefahr  0.7000  verdiinnt, 
filtrirt  iind  das  anhaengende  Rohol  so  lange  von  Gefass  und  den 
Niederschlag  auf  dem  Filter  gewaschen  bis  das  Waschbenzin 
ganz  rein  ablief.  Der  Niederschlag  auf  dem  Filter  und  die  an- 
hangenden  Telle  an  dem  Gefasse  wurden  im  warmen  Benzol 
aufgenommen  und  von  dem  Ungelosten  filtriert,  welche  Opera- 
tion so  lange  wiederholt  wurde,  bis  noch  nennenswerte  Mengen 
von  Benzol  gelost  wurden;  in  einigen  Fallen  wurde  nachtraglich 
noch  mit  Schwefelkohlenstoff  und  hierauf  mit  Chloroform  das 
in  Benzol  Unlosliche  gelost.  —  Das  in  einem  gewogenen  Kolben 
aufgefangene  Benzolfiltrat  wurde  zuerst  auf  dem  Wasserbade 
vom  Benzol  abdestilliert  und  hierauf  bei  einer  Temperatur  von 
105°  C.  so  lange  erwarmt,  bis  der  Benzolgeruch  vollstandig  ver- 
schwunden  war.  Als  kondensierende  Substanzen  wurden  der 
Reihe  nach:  Na,  NasS,  NasCOs,  CsHsONa,  S,  BaS,  BaOs,  P, 
P2O5,  CU2CI2,  C0CI2,  ZnCl2,  FeCla,  AICI3  und  Mn02  verwendet. 

In  einigen  Fallen  hat  sich  unter  Einwirkung  dieser  Substanzen 
Asphalt  aus  dem  Rohol  und  zwar  in  verschiedenen  Mengen  ge- 
bildet,  in  anderen  erwiesen  sich  die  Substanzen  wirkungslos. 

I.  Versuchsserie :  Einwirkung  unter  Lichtabschluss  durch  4 
Wochen  bei  gewohnlicher  Temparatur: 

1.  mit  metallischem  Natrium  ohne  Wirkung. 

2.  mit  Na2C03  ohne  Wirkung. 

3.  mit  wasserfreiem  Fe  CI3  erhalten  0.87%  eines  weichen, 
bereits  in  der  Kalte  in  Benzol  loslichen  Asphaltes, 

4.  mit  C2H50Na  erhalten  0.28%  eines  gleichfalls  weichen 
leicht  in  der  Kalte  benzolloslichen  Asphaltes. 

5.  mit  wasserfreiem  AICI3  erhalten  1.28%  eines  in  Benzol 
schwieriger  loslichen,  teilweise  in  Schwefelkohlenstoff  und  teil- 
weise  in  Chloroform  loslichen  Asphaltes, 

6.  mit  wasserfreiem  ZnCl2  erhalten  0.63%  eines  gleichfalls 
schwieriger   loshchen  Asphaltes. 

7.  mit  wasserfreiem  P2O6  erhalten  4.44%  eines  benzollosHchen 
Asphaltes, 

8.  mit  wasserfreiem  CU2CI2  erhalten  0.86%  Asphalt  wie  3. 
II.  Versuchsserie  Einwirkung  im  Sonnenlichte  (im  Sommer 
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an  der  Soimenseite  am  Fenster)  wahrend  80-tagiger  Einwirkungs 
dauer : 

1.  mit  CsHsONa  0.322%  Asphalt 

2.  mit  ZnCl2  3.06%  Asphalt 

3.  mit  CU2CI2  1.12%  Asphalt 

4.  mit  AI.CI3  3.46%  Asphalt 

5.  mit  P2O5  3.17%  Asphalt 

6.  mit  FeCls  2.12%  Asphalt 

7.  mit  Mn02   %  Asphalt 

8.  Rohol  allein  produzierte  enine  geringe  Menge  As- 
phalt 0.6%. 


III.  Versuchsserie.  Das  Rohol  (150  gr.)  wurdemit  kondensier- 
enden  Substanzen  auf  dem  Wasserbade  mit  aufsteigendem  Ktih- 
ler  durch  166  Stimden  (wahrend  eines  ganzen  Monates)  erwarmt : 


1.  mit  CsHsONa 

2.  mit  AI.CI3 

3.  mit  CU2CI2 

4.  mit  ZnClz 

5.  mit  P2O5 

6.  mit  FeCls 


0.70%  Asphalt 
7.94%  Asphalt 
1.24%  Asphalt 
2.10%  Asphalt 
5.37%  Asphalt 
1.13%  Asphalt 


IV.  Versuchsreihe.  Das  Rohol  wurde  mit  nachfolgenden  Sub- 
stanzen im  eingeschlossenen  Rohr  durch  35  Stunden  auf  140°  C. 
erwarmt : 


1. 

mit  FeCls 

0.64%  Asphalt 

2. 

mit  CU2CI2 

0.96%  Asphalt 

3. 

mit  ZnCl2 

2.48%  Asphalt 

4. 

mit  P2O5 

3.80%  Asphalt 

5. 

mit  AICI3 

6.28%  Asphalt 

6. 

mit  Na2S 

 %  Asphalt 

7. 

mit  S 

Spuren  Asphalt 

8.  mit  BaS 

 %  Asphalt 

9. 

mit  Ba02 

 %  Asphalt 

10. 

mit  P 

 %  Asphalt 

11. 

mit  S  +  AICI3 

6.37%  Asphalt 

12.  mit  P  +  ALCI3 

6.33%  Asphalt 
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anmerkung:  Die  Resultate  im  Einschlussrohr  haben  sich 
trotz  der  hoheren  Versuchstemperatur,  aus  dem  Grunde  geringer 
erwiesen,  als  der  gebildete  Asphalt  die  kondensierenden  Substan- 
zen  zusammenbackt  und  in  ihrer  weiteren  Wirkung  stort.  Man 
konnte  hiebei  naturgemass  keine  Mischung  und  Aufrlihrung 
besorgen  wie  bei  Versuchen  im  Kolben. 

Aus  den  Versuchen  ergiebt  sich,  dass  einige  Substanzen  und 
zwar  ganz  verschiedenen  chemischen  Charakters  ein  ganz  her- 
vorragend  asphaltbildendes  Vermogen  besitzen;  von  den  unter- 
suchten  Substanzen  wiesen  das  grosste  auf:  Aluminiumchlorid 
und  Phosphorsaureanhydrid ;  im  Allgemeinen  ist  das  des  ersten 
grosser,  doch  giebt  es  Falle  wie  bei  Lichtabschluss,  wo  die  Wirkung 
des  P2O5  (4.44%)  jene  des  Al  CI3  (1.28%)  stark  iiberwiegt.  Man 
konnte  fast  versucht  sein  aus  diesem  Verhalten  Schltisse  iiber 
die  Art  und  Weise  der  Einwirkung  zu  ziehen,  wo  von  jedochspater 
die  Rede  sein  wird. 

Nachdem  jedoch  AI.CI3  sich  als  das  starskte  asphaltbildende 
Mittel  erwiesen  hat.  wurde  eine  grossere  Menge  des  Asphaltes 
mittelst  dessen  erhalten  dadurch,  dass  wir  entbenziniertes  Rohol 
mit  5%  Al  CI3  durch  60  Stunden  auf  150-155°  C.  mit  aufwarts 
gerichtetem  Kiihler  erhitzt  haben.  Hiebei  wurde  die  grosste 
Menge  Asphalt  und  zwar  10.28%  gewonnen. 

Von  diesem  Asphalt  waren  6*04%  loslich  in  Benzol 
Von  diesem  Asphalt  waren  0'14%  loslich  in  CS2 
Von  diesem  Asphalt  waren  4' 10%  loslich  CH  CI3 

Der  Schmelzpunkt  des  benzolloslichen  Asphaltes  betrug  61- 
65°  C.  und  des  chloroformloslichen  95-99°  C. 

Die  Elementaranalyse  eines  Misch-Asphaltes,  den  seit  seiner 
Darstellung  ein  6-7  wochentlicher  Zeitraum  trennte,  ergab  fol- 
gende  Resultate: 


am' 24/4 

2/5 

4/6 

Kohlenstoff 

86.957 

86.927 

86.048 

Wasserstoff 

9.090 

9.050 

9.023 

Schwefel 

0.906 

Asche 

0.300 

Sauerstoff 

2.747 
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Bei  den  Verbrennungsanalysen  sind  die  Kalenderdaten  ange 
fiihrt  aus  dem  Grunde,  weil  sich  gezeigt  hat,  dass  sich  die  Zus- 
ammensetzung  des  Asphaltes  bei  der  Aufbewahrung  andert. 
Urspriinglich  hat  eine  schlechte  Uebereinstimmung  der  Resulta- 
te  der  Verbrennungsanalyse  uns  sehr  viel  Schwierigkeiten  gemacht. 
Wir  haben  eine  ganze  Reihe  von  Elementaranalysen  der  As- 
phalte  vorgenommen  und  nur  in  den  seltensten  Fallen  eine  Ueber- 
einstimmung der  Resultate  erzielt,  bis  wir  schliesslich  die  Ueber- 
zeugung  gewonnen  haben,  dass  die  Schuld  nicht  an  der  Analyse 
liegt,  sondern  an  der  Veranderlichkeit  der  gewonnenen  Produkte, 
die  eine  ausgesprochene  Tendenz  zur  Oxydierung  an  der  Luft 
besitzen.  Dadurch  haben  wir  eine  sehr  wichtige  Tatsache  ent- 
deckt,  die  fiir  die  Beurteilung  der  Bildung  des  Asphaltes  in  der 
Natur  von  eminenter  Bedeutung  sein  kann. 

Der  Beweis  dafiir  haben  wir  gewounen  durch  die  Elementar- 
analyse  eines  frisch  bereiteten  Asphaltes  und  sukcessive  Analy- 
sen  derselben  nach  Ablauf  von  gewissen  Zeitfolgen. 

Die  Elementaranalyse  eines  frischbereiteten  benzolloslichen 
Asphaltes  (mittelst  Al  CI3)  ergab  folgende  Zahlen  am: 

3/6  8/6  12/6 

Kohlenstoff         88.742  87.530  87.318 

Wasserstoff  8.902  8.797  8.751 

Diese  Aenderung,  welche  ziemlich  rasch  im  Anfang  vor  sich 
geht,  kann  nicht  auf  eine  Abdunstung  des  event,  zuriickgehal- 
tenen  restlichen  Losungsmittels  (Benzols)  zurtickgefiihrt  werden, 
denn  in  solchem  Falle  wtirde  zwar  der  Kohlenstoffgehalt  auch 
sinken,  aber  dafur  der  Wasserstoffgehalt  (92.3%  C.  und  7.7%  H.) 
steigen,  sondern  muss  durch  eine  Oxydation  d.  h.  durch  Aufnahme 
des  Sauerstoffes  erklart  werden. 

Im  iibrigen  ist  die  Zusammenstezung  der  Erdolasphalte  eine 
in  gewissen  Grenzen  verschiedene,  je  nach  der  Erzeugungsart. 
Der  chloroformlosliche  Asphalt  wies  in  frischbereitetem  Zustande 
nachfolgende  Zusammensetzimg  auf : 

I  II  Mittel 

Kohlenstoff         85.534  85.609  85.571 

Wasserstoff  9.078  8.993  9.036 

-  Auch  die  Eigenschaften  des  Asphaltes  sind  je  nach  der  Gewin- 
nungsart  verschieden.    Im  AUgemein  lasst  sich  sagen,  dass  die 
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starker  kondensierenden  Mittel  als  Al  CI3  P2O5.  Zn  CI2  unter 
denselben  Bedingungen  einen  harteren  Asphalt  produzieren,  die 
schwacheren  Mittel  dagegen  einen  weicheren.  Ferner  hangt  diese 
Eigenschaft  zusammen  mit  der  Dauer  der  Einwirkung,  respekt. 
Wiederhohlung  der  Einwirkung,  so  z.  B.  kann  man  durch  lan- 
gere  Zeitwirkung,  bez.  neue  Anwendung  der  schwacheren  Mittel 
denselben  Asphalt  was  Eigenschaftern  anbelangt  produzieren 
als  mit  starker  en  Mitteln  rascher.  Fener  lasst  sich  behaupten, 
dass  die  weicheren  Asphalte  durchaus  in  Benzol  loslich  sind,  die 
harteren  dagegen  nur  teilweise,  desgleichen  nur  teiweise  in  CS2, 
sich  jedoch  in  Chloroform  verhaltnismassig  leicht  losen. 

Bei  der  Bildung  von  Asphalten  tritt  mitunter  ein  deutlicher 
Geruch  nach  Schwefelwasserstoff  auf  und  scheinen  die  Schwefel- 
verbindungen  auch  an  der  Asphaltbildung  teilzunehmen,  wie  man 
aus  dem  Gehalt  des  Roholes  und  des  Asphaltes  an  Schwefel 
entnehmen  kann. 

Im  Rohol  haben  wir  0.19%  S,  im  Asphalt,  von  dem  mit  Al  CI3 
iiber  10%  gebildet  werden,  rund  0.9,  daher  fiinf  mal  so  viel, 
oder  man  kann  sagen,  dass  die  Halfte  des  ganzen  Schwefels  im 
Erdol  in  den  Asphalt  iibergegangen  ist. 

Die  gewonnenen  Asphalte  enthalten  stets  Aschebestandteile, 
selbst  nach  ofteren  Filtrieren  durch  dichtes  Filtrierpapier  bleibt 
bei  der  Verbrennung  etwas  Asche  zuriick.  Ob  das  mechanisch 
verunreinigende  Asche  ist  oder  aus  gebundenen  mineralischen 
Bestandteilen,  bleibt  unentschieden,  jedenfalls  bestatigt  das  die 
frliher  ofters  gemachte  Beobachtungen. 

Durch  bedeutend  grosseren  Aschegehalt  zeichnet  sich  beson- 
ders  der  chloroformlosliche  Teil  des:  Al  CI3  Asphaltes  aus  und 
zwar  hauptsachlich  in  frischem  Zustande. 

Ueberhaupt  scheint  das  Verhalten  des  Al  CI3  ein  ganz  eigen- 
tiimliches  zu  sein.  Bei  der  Einwirkung  auf  Erdol  im  Lichte  en- 
twickelt  sich  sehr  viel  HCl.  und  findet  intensive  Asphaltbildung, 
wobei  sich  formlich  eine  ganz  einheitliche  Masse  aus  dem  Al  CI3 
und  dem  gebildeten  Asphalte  formt.  Man  konnte  versucht  sein 
anzuneemen,  dass  da  eine  Doppelverbindung  zwischen  gewissen, 
selbstverstandlich  ungesattigten,  Verbindungen  der  Erdole  event, 
auch  unter  Chlorwasserstoff'addierungsvorgangen  (im  Dunklen  ist 
die  Asphaltbildung  gering)  mit  dem  Alluminiumchlorid  bez.  All- 
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uminiumoxy chloric!  entsteht,  welche  infolge  Kondensation  sich 
weiter  zersetzt.  Fiir  diese  Art  von  Vorgangen  spricht  eine  schein- 
bare  Loslichkeit  dieser  Alluminiumchlorid-Asphaltverbindung  in 
Chloroform,  die  je  auch  auf  Grund  von  ganz  labilen  Anlagerung 
von  Chloroformmolekiilen  an  diese  Doppelverbindung  vor  sich 
gehen  kann.  Diese  Doppelverbindungen  zersetzen  sich  jedoch 
sehr  rasch,  schon  beim  Filtrieren  und  in  dem  Chloroformfiltrat 
findet  man  nur  noch  einen  verhaltnissmassig  kleineren  Aschen- 
gehalt.  Der  auf  dem  Filter  verbleibende  stark  kohlenhaltige 
Riickstand  wies  bei  der  Analyse  7.43%  Chlor  neben  23.27  % 
Alluminium  auf. 

Eine  sehr  interessante  Erscheinung  bildet  die  Beobachtung, 
dass  ein  Teil  des  chloroformloslichen  Asphaltes  mit  der  Zeit 
benzolloslich  wird.  Dieser  Uebergang  vollzieht  sich  unter  Ab- 
scheidung  von  unorganischen  Sedimenten  und  das  flihrte  uns 
hauptsachlich  zu  den  vorhin  auseinandergesetzten  Annahmen. 

Wie  weit  andere  Kondensationsmittel,  gleichfalls  event.unter 
ursprtinglicher  Anlagerung  an  ungesattigte  Bestandteile  des 
Erdoles,  auf  dasselbe  reagieren,  lasst  sich  angesicht  der  Schwierig- 
keit  der  Erfassung  solcher  Uebergangsstufen  nichts  sagen,  aus- 
geschloesen  ist  ein  solcher  Reaktions-mechanismus  keineswegs. 

Was  sich  momentan  aus  unseren  Unter suchungen,  die  kein- 
eswegs noch  abgeschlossen  sind,  sagen  lasst,  ist,  dass  sich  as- 
phaltahnliche  Korper  aus  dem  Erdol  durch  Kondensation  event, 
auch  Polymerisation  mit  Hilfe  gewisser  mineralischer  Substanzen 
bilden  und  dass  diese  asphaltahnlichen  Substanzen  leicht  der 
Oxydation  verfallen  und  in  Asphalte  ubergehen.  Damit  ware 
auch  der  Weg  der  Asphaltbildung  in  der  Natur  aus  den  Erdolen 
vorgezeichnet.-Welcher  Art  Bestandteile  es  sind,  die  dieser  As- 
phaltkondensation  verfallen  lasst  sich  momentan  nicht  sagen, 
ebenso  ist  die  Rolle,  die  der  Schwefel  event.  Schwefelverbindun- 
gen  hiebei  spielen,  nicht  klargelegt.  Es  unterliegt  keinen  Zwei- 
fel,  dass  sich  die  Schwefelverbindungen  an  der  Kondensation 
beteiligen,  aber  andererseits  scheint  das  Kondensationsvermogen 
der  Erdolbestandteile  darauf  nicht  beschrankt  zu  sein  undes 
liegt  der  Annahme  der  Bildung  schwefelfreier  Asphalte  nichts 
im  Wege. 

Unter  anderen  wird  auch  das  Gegenstand  unserer  weiteren 
Untersuchungen  bilden. 
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